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Mhis universal and horizontal 
boring machine is optically con- 
rolled. It is also a heavy duty 

Mnilling machine with a large 

acing capacity. 


he Opticut reduces operating 
e substantially as far less time 
s required for spacing, resetting 
nd realigning, particularly when 
ingaged on 180° index boring. 
@ here is no guesswork—with the 
)pticut you see everything —the 
peeds, feeds and settings are 
padily visible on the pendant. 
he Scharmann Opticut is 
ktremely accurate—the concen- 
icheadstock suspension ensures 
solute stability under mech- 
ical stress and varying thermal 
bnditions. 


rite today for Booklet 1704-A 
ich fully describes this machine. 


















PRECISION BORING 
& MILLING =, 
THE SCHARMANN OPTICUT 
‘FB 500 













SCHARMANN FB 128 
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CHARLES CHURGHILL 
& COMPANY LIMITED 


Coventry Road South Yardley Birmingham 25 
Telephone Acocks Green 2281 
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EDGAR ALLEN’S 
DIE STEEL 


[he illustrations show the die and finished product used as a container 
for an automatic playback tape recorder which is being issued 

to blind people. The box fits straight over a capstan on the tape 
deck which is accurately located by fixing lugs from the 

deck and close limits have to be maintained. The die is made of 
Edgar Allen’s K9 die steel which has been perfected to meet the 

need for an inexpensive non-shrinking steel suitable for tools 

from which the highest accuracy is required. K9 will give long 
production runs with minimum regrinding. The Die was 

designed and manufactured by P. & H. Metal Products 








(Kingston) Limited and has produced many thousands of containers. Zz TS39/PE | 
| To EDGAR ALLEN & CO. LTD., SHEFFIELD, 9 | 


Please post K9 booklet to: 


EDGAR ALLEN & CO. LIMITED! | 
IMPERIAL STEEL WORKS -: SHEFFIELD 9 | oO a OLDER Se SORE eee Oe ae a Oe | 
os EL I ee PRATT, fe See PRON eee Eee ER ae | 
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COPPER PLATING 


ot 7 SELECTIVE HARDENING 


The plant illustrated above has recently been installed in 
a Midland factory. Upwards of 2,000 components are processed 


automatically,each hour. 


Yet another company has turned automatically to Canning 


t @ TILT G4 BIRMINGHAM 18 Gtascow “‘Somsay 


TELEPHONE CENtral 862! AND ASSOC. CO. IN AUSTRALIA 
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The application of electronic profile turning and boring 
equipment to the Webster and Bennett range of vertical 
boring mills opens up a wide new field of uses for these 
versatile machines. Although specifically designed for 
copying applications, when not required the electronic 
control may be disengaged and the machine operated as a 
standard machine under mechanical control. 

Machine capacities range from 36” to 72” chuck diameter, 
and machines can be supplied with or without the electronic 
profiling equipment. 





WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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SORING 
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or THREADING 


THE FIRST AEROSOL 
FOR CUTTING 
LUBRIGATION! 


This free publication 
gives performance 
details, case histories, 
and technical advice on 
this unique cutting 
lubricant. Write for 
your copy now. 





Dept. Z 


ROCOL T M ITE Generel Buildings, Aldwych, London, W.C.2. Tel: HOLborn 1985 
Rocol House, Swillington, Near Leeds. Tel : Garforth 2261. 
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OILGEAR 


“ANY FEED-SPEED PACKS. 





PROVIDE YOU WITH= 


SOL L “JIC Fail Safe’ Solenoid 125 psi Feed Stabilizing 
Operated Function Controls fw Relief Valve 


@&) 0 to 240 cipm or 0 to 950 ?F) 2100 cipm or 3280 cipm 
cipm Radial Piston Pumps Traverse Pumps 
1000 psi Feed Pressure Relief 300 psi Traverse Pressure 
Valve i Relief Valve 
Automatic Feed Compensa- 35 psi System Back Pressure 
tor for Load Variations KW Relief Valve 
Micrometer Type Fine Feed Flanged Connections; Only 
Adjustment Pra Two Pipes Required 
Screw Type Coarse Feed ty Auxiliary Test Stations for 
Adjustment x Gages 


Oilgear Engineered Control 
* Systems 









a Quick, Positive Control 


Functions 


Ease of Application, Opera- 
tion and Maintenance 


J) K TYPE 


@ Use with a double-acting cylinder and you need only 

install TWO pipes to complete the fluid power system. 

@ NO external valves or associated low and high pressure 
piping required. 


YOU NEED OILGEAR! 


Wea therley 
Oilgear 
Limited 


BIGGLESWADE, BEDS. 


TELEPHONE : 2351 


‘SOILGEAR 
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Martonair lead in every phase of 
applied pneumatics 





The most advanced range of 
equipment available to industry 








Martonair Limited 
Parkshot * Richmond : Surrey 
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electronic sub-assemblies 





SIVIPLE OR COMPLEX 












The Mullard Equipment range of pre-set counters enables you to con- 
struct industrial control systems simply and speedily to your individual 
requirements. Because it is possible to translate almost any characteristic 
into a numerical count, their scope is almost unlimited: they may be used 
for a wide variety of industrial control, timing, length measurement, 
programme counting and for keeping track of changes in any control 
parameter. 
These pre-set counters provide higher counting speeds, with greater 
reliability and accuracy, than electro-mechanical devices. Built-in control 
units enable the counters to be set to give output signals at any required 
measurement. Up to ten different switches can be fitted to each counter, 
each controlling an output signal so that complicated programmes are 
possible which can be altered quickly and easily. 

Pre-set Counters 


The 88930 range of pre-set counters is 


backed by a comprehensive specially designed for industrial appli- 
” cations and features :— 
design advisory service... . High counting speed 


(up to 120,000 per minute) 


Mullard Equipment Limited will be happy to discuss with you the SEE AR RRND SY OP PE 


counted 
possible uses you can make of these and other electronic sub-assemblies. Easy replacements (plug-in units) 
They can also design and construct sub-assemblies, assemblies and Built-in programme switches 
systems to your individual requirements. A regular “‘Sub-Assemblies Multiple programmes (up to 10 switches 
Bulletin’ is now being published, write to Mullard House to have your can be fitted to each counter) 


name put on the mailing list. 


... . for sub-assemblies, 
assemblies and systems 





a Rie 
MULLARD EQUIPMENT LIMITED MANOR ROYAL : CRAWLEY - SUSSEX 
SS Bae Telephone: Crawley 3421 


7) ME 689 
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CINCINNATI 


DIAL TYPE 
MILLING 
MACHINES * 
MODEL ‘ELR' (me 


SIZES 207-12 AND 307-12 
PLAIN AND VERTICAL 
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CINCINNATI MILLING MACHINES LIMITED, BIRMINGHAM 24 


Agents: 
CHARLES CHURCHILL LIMITED: Birmingham, London, Glasgow, Manchester, Newcastle 

























production in large or 
small quantities 


with all the convenience of the 
general purpose milling machine 





When it:comes to the choice of either a production miller or a general purpose machine, consider 
the advantages of combining both functions in one machine-the new ‘Cincinnati’ Plain and Vertical 
Dial Types. ‘Cincinnati’ Automatic Table Cycles are effective because they are used in conjunction 


with an Automatic Backlash Eliminator fo facilitate both conventional and climb-milling operations. 


AUTOMATIC = %« 


TABLE CYCLES reo 









Plus:— 


TWO OF THE MANY 

*% Power Speedandteed Changes. New Speed CYCLES AVAILABLE 
Change Lever incorporates new ‘Cincinnati’ 
EXCLUSIVE Twist-Knob for effortless speed 
changes. 

* ‘Cincinnati’ EXCLUSIVE ARBOR-LOC 
Spindle Nose ensures rapid cutter changes 
without need for a draw-in bolt. 

*% Another EXCLUSIVE feature — vibration 
dampening device—DYNAPOISE- ensures 
reduction of vibration caused by cutter. 






F RT 
AUTO ene TART 
REVERSE 1+ 
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A simple milling cycle: rapid traverse 
right, feed right, automatic reverse, 
rapid traverse left, short feed left, stop? 








y j To F START F RT 
zs Automatic Lubrication of Vertical Screw AUTO ¢ aT? > AUTC 
means low maintenance costs. REWEROE h hg ee antes 







RT F START F 









Reciprocating cycle (with centre safety 
stop): rapid traverse left, feed left, auto- 
matic reverse, rapid traverse right, short 
feed right, stop. Rapid traverse right, 
feed right, automatic reverse, rapid tra- 
verse left, short feed left, stop. 


Write now for full details 
contained in Catalogue No. M-6005E. 


RAPID 
TRAVERSE 
RIGHT 


FEED 
RIGHT 
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for maximum production 


Va 





LY me 
+ ee ¥, y ‘¥ 
= pi 2 see «\ 2 
‘ te ° 





MMMawwwuwyw0da 


Ys 





Ws dddddedcceddddéddete 


YW 





W000 


the SMART & BROWN 


CAPSTAN LATHE 


Maximum dead length collet capacity 1116 


Ys 





LRST turret slide 


Centre height 4 
Spindle bore to turret face (max.) Li 
Spindle nose 29/32’ 


EPICYCLIC GEARBOX available 





ONE OF BRITAIN’S FINE LATHES 


CWP screw operated cut-off slide 


Smart & Brown (machine tools) Ltd. 
25 MANCHESTER SQUARE - LONDON - W.1 
Telephone’ WELbeck 7941-5 Cables: Smartool, Wesdo, Londor 


MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 
) f the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 
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“hell Chemicals 


SHELL CHEMICAL COMPANY LIMITED 
Marlborough House, 15-17 Gt. Marlborough Street, London, W.1 
SHELL and EPIKOTE are registered trade marks. 







ELECTRICAL 


When replying to advertisements please mention The Production Engineer 


The outstanding electrical 
insulation, ease of machining 
and chemical resistance of 
EPIKOTE resins are qualities 
excellently applied by Gardners 
Radio Ltd., in the production 
of bobbins for winding 
ionisation-free oil-immersed 
EHT transformers (for use up 
to 25 kV). The bobbins are cast 
and machined to very close 
tolerances. Does this give you 
a useful lead on a production 
problem? Ask for full details 
quoting No. EE.15 


All 
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gel 


are all features of the 
range of Precision 
Grinding Machines 
built by 


FORTUNA-WERKE 
SPEZIALMASCHINENFABRIK A.G. 
STUTTGART 
GERMANY 





For Toolroom 
and Production 


Illustration shows Model AFB, one of 
the wide range of types available in two 
sizes, 5%” height of centres, 
12” and 20" maximum distance 


. With FINITOR Automatic 
between centres. Can _ be Scs:5 size control the measuring 


head which controls the cycle 


arranged as plain, universal wn 1 of the machine is in constant 


; direct contact with the work 
° ° ° * {f i during grinding. 
() 
or automatic machine and with iis ae ileal 
of all variables inherent in 
the grinding operation. 


infinitely variable wheel speed. 











\W/2\0(e' he! p a N LET US DEMONSTRATE TO YOU 


ASSOCIATES LIMITED 


4 QUEEN STREET - CURZON STREET - LONDON - W.1I Tel: GROsvenor 8362 
Midland Office and Demonstration Department: WILFORD CRESCENT : NOTTINGHAM Tel: NOTT 88008 
NAP ISS | 
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SPARCATRON 


SPARK MACHINING 


The Manufacturers with the greatest experience 
in design and production of Spark Erosion Equipment 


UJ 


TECHNICAL DATA AVAILABLE ON REQUEST 


SPARCATRON (MANUFACTURING) LIMITED 
TUFFLEY CRESCENT: GLOUCESTER 








Do you have our Stocklist 
of Standard and 
Non-Standard Tube? 


in Mild Steel and Stainless Steel Markland Scower obt - 


in Randoms or cut to length 


Bromiley Cross Nr Bolton 
Telephone EAGLEY 600 
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MILLS 


BRIGHT STEEL BA 


Rounds (drawn, turned and ground) 
Hexagons, Squares, Flats, 
and Special Sections. 


Mild, Freecutting, Casehardening, 
Carbon and Alloy steels. 
Supplied to A.1.D., Admiralty, 
B.S. 970 and customers’ 
own specifications. 





EXORS. OF JAMES MILLS LTD. 


BREDBURY STEEL WORKS WOODLEY. NR. STOCKPORT 


Telephone: WOODLEY 2231.(10 lines) Telegrams: ‘'MILLS'’ PHONE WOODLEY 
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SURELY, INFORMATION ON THE NEWEST 
TECHNIQUES IS VITAL TO YOU 


CON I ROL The techniques of automation and control engineering are vital to every 


TA PROCEROING « ENGINEERING * * 
' aanTarion  OATA 
b everenee « weTRU 


industry and engineering activity. CONTROL magazine serves them all. It is 





Computer in the peer stato, pO 


the leading automation and control engineering journal. Every month it reports 
hundreds of new ideas, applications and products. It is edited by an out- 
standing team of qualified engineers and carries in every issue at least 5 top-line 
exclusive contributed articles, plus regular features, covering systems engineering, 
instrumentation, data processing, servo-mechanisms, process control, and all their 
applications. The influence of CONTROL is wide—it is read by directors, 
plant and works managers; design, instrument, maintenance, production and 


research engineers; scientists, lecturers and students—the world over. 


TWO OF THESE 
BOOKS — FREE 





CONTROL 


POLE pata SHEET 
INDUSTRY GUIDE ZERO BINDER 


wo ise! APPROACH 


MEASUREMENT AND DE- 
TECTION (CONTROL 
price gone «| «SHOP +O NEW SUBSCRIBERS'CONTROL’ MAKES THIS OUTSTANDING DOUBLE 
A complete and authoritative . OFFER—a special introductory price of 35/- for 12 monthly issues (full rate 42/-) 
study of electrical transducers — plus a choice of 2 FREE books (value up to 40/--—SO YOU GET 82/- worth for 35/- 
by staff of British Scientific 

Instrument Research Associa- A SA VING OF UP TO 65% 
tion 

THE INDUSTRY GUIDE 
AND DIGEST, 1962 (SHOP 
PRICE £1) 

Second edition of this in- . . 
valuable reference to the Please send me my FREE copies of TICK THE 


British control industry, de- 
tailing its firms, products and Measurement and Detection L 74 








personalities, and providing 


a digest of new developments es or a 
is Gies teat. 6% scouts Industry Guide and Digest L_ 


si : YOU WISH TO 
--ZERO APPROACH Pole-Zero Approach LJ 

TO SYSTEMS ANALYSIS - CHOOSE 
(CONTROL Monograph 2— CONTROL Binder and Data Sheets {_} 
SHOP PRICE 10.-) we 
The widely acclaimed elucida- ae P . 
tion by Dr. P. F. Blackman and enter my subscription for 12 months at the special offer price of 35/- 
of Imperial College, London 


CONTROL REFERENCE - I enclose 35/- LJ 
PAGE BINDER AND DATA 

SHEETS (SHOP PRICE 10 - Please invoice me later 

+ 10- for Data Sheets) 

A handsome  vinyl-covered NAME 

loose-leaf binder containing 

Over 20 of CONTROL'S ADDRESS 

celebrated data sheets, plus 

the October, 1961 computer 

Survey (a chart 30” x 40”) 














POSITION SIGNATURE 





No Postage 
stamp 
Postage necessary 
will be if posted in 
paid by Great Britain 
Control or Northern 

Ireland 





Business Reply Folder Licence WD 1823 


CONTROL, 
Rowse Muir Publications Ltd, 


The Rowse Muir Building, 
71-79 Charlotte Street, 
London, W1 England 
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GEAR 
MEASURING 
EQUIPMENT 


This series of advertisements is intended to show how attention to detail design backed by careful and 
“ 7 c 











precise manufacture has made Goulder gear measuring equipment first choice of buyers who appreciate 


these qualities. 


@ ROLLING TESTER 
SADDLE ASSEMBLY 


used on Goulder No. 1 Rolling Tester to measure 


> 
variations in centre distance as two gears are rolled together 
under spring pressure and hence composite gear errors. 


Special layout of saddles allowing 1, vertical 


> 


adjustment for gear under test 2, extra 


sensitivity 3, reduced bed length. 


5S 


CAM ACTION CENTRALISING LOCK 

TO PROVIDE DATUM 

FLOATING SADDLE IN NITRALLOY STEFIL 
MICRO-INDICATOR AS ALTERNATIVE TO 
ELECTRONIC RECORDER 

SPRING TO PROVIDE ADJUSTABLE 
MEASURING PRESSURE 

STYLUS ABUTMENT PEG 

REAR BEARINGS CONSISTING OF TWO RINGS 


OF BALLS CARRIED ON A HARD STEEL SHAFT 
IN A HARD STEEL BUSH 


FRONT BEARINGS CONSISTING OF TWO BALLS 
CARRIED IN HARD VEE AND FLAT BEARINGS 
SLIDING SADDLE IN HARDENED 

NITRALLOY STEEL 

CAM ACTION LOCK FOR CENTRE DISTANCE SETTING 


Goulder JTHE NAME FOR ALL GEAR TESTING 


i. Goulder & Sons Ltd., KIRKHEATON, HUDDERSFIELD. Tel: Huddersfield 5252-3 


a 





When replying to advertisements please mention The Production Engineer 








Al8 


THERE’S POWER TO SPARE... 







... with the new hand tools from Atlas Copco 


Here are the latest air-powered tools! A range of light, 
compact drills, screwdrivers and grinders from Atlas 
Copco. Contour-styled to fit the hand, these tools offer un- 
precedented power/weight ratios and greatly improved 
starting torques. Drills weighing less than 3 lb. have 5-vane 
air motors developing nearly + H.P....with all the reserve 
power you need at the break-through point. 

In all designs the keynote is simplicity. Each tool has as few 
parts as possible; and wherever possible parts are inter- 
changeable. Thus relatively few spares are needed to service 
the entire range. 

The new Atlas Copco tools have been proved by more than 
a year of trials in factories such as de Havilland, Vauxhall, 
Canadair Fokker (Holland), Fiat (Italy), SAAB and Volvo 
(Sweden). Contact your local Atlas Copco branch office 
for further information. Literature is freely available and 
demonstrations can easily be arranged. 


ATLAS COPCO (GREAT BRITAIN) LTD., 
Maylands Avenue, Hemel Hempstead, Herts. Boxmoor 6040 


Sales and Service Depots at: LONDON - BRISTOL - CARDIFF - LICHFIELD 
LEEDS - MANCHESTER - NEWCASTLE - GLASGOW - BELFAST - DUBLIN 
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Screwdriver LBU33H26 


Pistol Drill LBB33 





Angle Drill LBV33 


«= 


Grinder LBF33S 





re 
Sltlas Copco 


puts compressed air 
to work for the world 
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Taking it easy, 


Mr. Williams? 


Well, why not .. . he'll do the back lawn in next 





to no time with that fine new mower. It’s all part 
of the good life he’s come to expect. But do you 
know the part that pressure die castings play in 
that good life? We hardly expect you to. Let’s 
just say that they’re inseparable from it. 
Wolverhampton pressure die castings offer 
manufacturers high quality components at 
remarkably low cost in a variety of pleasing 
finishes. And the massive scale of production 

that can be achieved helps everyone to enjoy 

a higher standard of living. Wolverhampton 
pressure die castings in zinc and aluminium 

point to progress in a big way. Your 
enquiries would be welcomed. 





THE WOLVERHAMPTON DIE CASTING COMPANY LTD 
GRAISELEY HILL, WOLVERHAMPTON TELEPHONE: WOLVERHAMPTON 23831 /7 


When replying to advertisements please mention The Production Engineer 
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the 

—»> complete 
switching 
system 


Bl-Stat controls any automatic sequence of 
motor operation. 

It does anything that electro-mechanical 
relays can do, without any of their accepted 
limitations. It will never do wrong. It will never 
need maintenance. What's more, it is far 
simpler to modify when the need arises. 


WHAT IS IT ? 

A system of logic units and amplifiers, which 
combine and sort input signals, then 
magnify them to drive the solenoids, con- 
tactors, etc., that initiate plant motions. 


WHY IS IT BETTER? 

Because Bl-Stat switching is entirely devoid 
of moving parts and contacts. Because 
Bl-Stat components are completely encap- 
sulated. 

Bl-Stat suffers no burn-outs, maladjustment, 
wear or corrosion, no sticking or fouling or 
fatigue. BI-Stat works happily amidst dirt, 
oil, moisture and fumes. 





























Bl-Stat is supplied as BHl-engineered 
equipment, or as components for your own 
systems. 

Write for publication ZB35 and consult BHI 
for the Bl-Stat answer to your control 
problems. BI-Stat will solve them permanently. 





G 
BROOKHIRST IGRANIC 
Enquiries to: 
MM BI-STAT DIVISION - NORTHGATE WORKS -: CHESTER 
Group MAKERS OF BRITAIN'S WIDEST RANGE OF ELECTRICAL CONTROLS AND ASSOCIATED EQUIPMENT 


B! /60 








leer The Production Engineer - 


for all materials handling problems... 


o » 







N 


ery 
FLOOR ‘CONVEYORS 
SKI-WRACKERS 
OVERHEAD CONVEYORS 


HOISTS 


have the 
ee answer 





MATERIALS HANDLING SPECIALISTS 





GEO. W. KING LTD. ARGYLE WORKS, STEVENAGE, HERTS. TEL: STEVENAGE 440 


A KING representative will be pleased to call on you anywhere in the world. 
ER 
MENT , . . . + . ~ . 
When replying to advertisements please mention The Production Engineer 








Gosheron 


Capes 


trouble-free 


CON TOR 


masking tapes 


Clean lines, minimum paint build-up, no 
impregnation, stain or adhesive residue at 
high temperatures. CONTOR Paper 
Masking Tapes (BS.J11) provide the 
complete answer for all spraying, painting, 
stoving, protecting, sand or shotblasting 
processes. 


John —— 
Gosheron 


& Co. Ltd 
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Faster production 
flows with this reliable 
high-speed counter 


2,000 counts a minute! 

That’s the kind of speed this 

counter revels in. It’s one of 

Tyer’s famous Perram Photo-Electric 
Counters—all of which now have 
fully-transistorised circuits, 

giving operating speeds far greater 
than ever before. Apply now 

for full information about 

this incomparable range. 


PERRAM 


Yet another 
important achievement by 


YER. 


= 


TYER & COMPANY LIMITED 
(Formerly P.A.M. Ltd.) 


PERRAM WORKS -~ MERROW SIDING - GUILDFORD - SURREY 
\” TEL: GUILDFORD 2211 


Within the organisation of the Southern Areas Electric Corporation 


Est. 1851 

















Manufactured by the Makers of Fine Machine Tools 


DANES 


STONEBRIDGE HIGHWAY, WILLENHALL 
COVENTRY 
Telephone: Toll Bar 2451/5 


BY HAND 

BY FOOT 

BY PUSH BUTTON 
BY CAM 

BY SOLENOID 


EQUIPMENT 


One of the most popular range of valves 
is this P.800 series available as lever, 
foot, toe, air pressure or solenoid oper- 
ated. The basic valve is engineered 
to give the maximum number of trouble 
free operations, unaffected by dirt 
because it is self cleaning, full air 
flow through valve giving faster re- 
sponse to cylinders, and easy fixing 

to any machine, make this range 

the most versatile available. 

+" and $’ BSP sizes. 
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A panoramic illustration 


A typical pressing 

assembly of body panels and 
other components as produced on 
Wilkins & Mitchell Presses 











ee Oe 


WILKINS & MITCHELL PRESSES at PRESSED STEEL Co. Ltd., LINWOOD 















The long standing preference of so many of the 
busiest producers in the motor industry for Wilkins ) a aN 
& Mitchell Presses, especially in their most recent 16) KO 
installations is based on their need for higher 
productivity. Throughout the world, users have 
learned to rely on the design, dependability and aes 

built-in reserves of Wilkins & Mitchell Presses. 
..the complete press shop or the single press. 61> 
why not consult us? 
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ILKINS & MITCHELL LTD DARLASTON 





S. STAFFS . ENGLAND 
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small parts 
play a 


PRECISION GRINDING 
SMALL COMPONENTS FOR 
MOTOR ACCESSORIES 


AT SMITHS 








' —s At the Cricklewood works of Smiths Motor Accessories Ltd., a number 
This is a_ typical grinding 
operation carried out on our of Jones-Shipman precision grinding machines are employed in the 
Model 1212 High Precision 
Grinding Machine. production grinding of the many small components which go into the 
making of their renowned accessories for motor cars such as 
speedometers, clocks, gauges, etc. This type of work calls for the smaller 
models in our grinding machine range such as the Model 1310 
J } Cylindrical Grinder 8 in. X 18 in. capacity, and 
$s particularly the Model 1212 High Precision Grinder 5 in. X 18 in. capacity. 

















CO pope spc eeu. ma precision grinders 


A. A. JONES & SHIPMAN LTD. 


Leicester. Telephone: 823222 
London Office : 50/52 Great Peter Street, London, S.W.1. Telephone : ABBey 5908/9. 
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ALVES DENISON 


MANUAL 
VANE PUMPS/MOTORS 





Threaded mounted 
design for p 1500 psi or Output from 80 
gpm to 97 H.P. 






5000 psi, 7 di ! senpgurations, 


SOLENOID 
CONTROLLED 
VALVES © 


Built to JIC Standards 
for pressures up to 
3,000 psi and 5000 psi. 





DENISON 
AXIAL PISTON 
EQUIPMENT 





| PRESSURE 
CONTROL 
VALVES 


Available as 
Relief 
| Sequence. 
Unloader — _ 
| Pressure 
reducer. 









po Pumps and motors of this series are 


expressly designed to cater for application demanding 
heavy duty service and high efficiency operation. 
Available in both fixed and variable displacement 





6 different types of controls are offered 


@ HANDWHEEL CONTROL @ STEM CONTROL 

@ HYDRAULIC CYLINDER CONTROL @ ELECTRO | 
MOTOR CONTROL @ PRESSURE COMPENSATING } 
CONTROL @ SERVO CONTROL 





Pump output range from 1.9 to y 
115 g.p.m. Motor output range y 
from 1.25 to 310 H.P. over Me 
various speed ranges. Send y 

for full details. y 













. Y 
DERI SINE 
EQUIPMENT 
Pumps to 

* 120 gpm. 
Motor to 
a FLOW CONTROL VALVES 
Instant, exact, and infinitely variable 


regulation of flow up to ?” capacity. 


iS ra ai Ai 


DENISON DERI LIMITED, VICTORIA GARDENS, BURGESS HILL, SUSSEX. TELEPHONE : BURGESS HILL 857478 9 





Vhen replyir adv me please m 7 The P t 








The Production Engineer 


Low in cost - Highly flexible 
TRANSISTOR P.S.U.s 


Here is the most economical and convenient method of obtaining low voltage power 
supplies to meet differing production or laboratory requirements. 

Mullard Equipment Limited has produced a range of P.S.U. sub-assemblies, consisting 
basically of four simple units which, readily added one to another in building brick 
fashion, will provide power from | to 39 volts. And they will do this most economically. 
A | amp stabilised supply need cost only £25, 
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The basic units are :— * 1 amp Unstabilised Unit (YL. 6101) 
* 5 amp Unstabilised Unit (YL. 6102) * 250 mA Stabiliser and Reference Section (YL. 6103) 
* Series Regulator Section (YL. 6104) = 6 volt Positive Line Stabilisers (YL. 6105) 


Constructed for easy assembly, the basic units may be duplicated in operation for higher 
power applications. 

These P.S.U.s are ideally suited for use in equipments and systems employing other 
Mullard Equipment sub-assemblies such as the well-known Norbits and Combi-Elements. 


For further details please write, quoting reference AC/690/11, to: 


eo 
MULLARD EQUIPMENT LIMITED 
RE elena 


Manor Royal - Crawley - Sussex - Telephone Crawley 28787 
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in quality 


USE 


ENERGOL 


Oe A.’ INDUSTRIAL LUBRICANTS 


Distributed by 


THE POWER PETROLEUM COMPANY LTD 


76-86 STRAND * LONDON W.C.2 (Branches and Depots throughout the country) 








When replying to advertisements please mention The Production Engineer 
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THE LATEST FROM (15) 


This new booklet gives you numerous examples of how MS Silicones are being used in engineering and 


allied industries—case histories, production techniques and a wide range of illustrations from current 


industrial practice where MS Silicones have cut manufacturing and design costs, as well as improving 


operational reliability. 


Send for ‘SILICONES IN ENGINEERING’ 
—you'll find things in this booklet you'll 

want to know more about 

Write for ‘MS News' 

—it contains the latest news about all MS products 
See MS Silicones 

—on stand C4 at the Engineering Materials and 
Design Exhibition 


MS Silicones offer you 
a unique combination of properties 


% Resistance to extremes of temperature 
* Water repellency 

* Chemical inertness 

* Excellent electrical properties 

* Adhesion resist ' 





@S)MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Ltd. and Dow Corning Corporation) 
first in British Silicones 68 Knightsbridge, London, SW1 Telephone Knightsbridge 7801 


Area Sales Offices : Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 
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Please send me: & 
1. acopy of ‘Silicones in Engineering’ J & 
2. acopy of the latest ‘MS News’ e 

(and put me on the mailing list) ia e 

Name e& 
Company ........... a 
Address e 
Es @ 
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AIRME 


AUTOMATIC PRECISION DRILLING 
(LARGE SCALE OR SMALL) 
WITH THE AIRMEC AUTOSET 


POSITIONS THE WORK 

AUTOSET automatic co-ordinate setting equipment 
provides accurate automatic control of the lead 
screws of a co-ordinate table. It enables the table 
to be positioned automatically by means of a 
punched tape (containing co-ordinate information 
for up to 400 operations) or manually by means of 
a series of knobs and dials. 


SELECTS THE RIGHT TOOL 

Facilities are provided for selecting one of up to 

ten tools and for controlling a large number of 

other variables such as tool rates, feed depths and 

spindle speeds. 

CUTS OUT ERRORS 

Autoset is highly accurate — automatic compensa- 

tion is provided for table backlash and cumulative 

lead screw errors. 

CUTS THE COST 

An equipment for automatic control in two 

dimensions, complete with tape reader and tape 

punch, costs only £1,630. Manual control ; > J 

considerably less. \ [ 1) Vf I I C\((° 
ATU TUOMGG 

ROBUST AND RELIABLE 

No electronic valves used. 

EASY MAINTENANCE 


Autoset has been designed for trouble-free service 
and easy maintenance. 


When replying to advertisements please mention The Production Enginee) 
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BRITAINS FIRST NYLON Bey > Ai lo 


STEPHENS 


a 




















lf you require a top performance lightweight 
flexible belt that won’t slip, has enormous strength 
and elasticity with virtually no stretch, and with 
the grip that only chrome leather can give, then 
you need a MIRACLO nylon-core belt. 





——"1 *| 





ae 


FREE Send for this new 12 \‘pareqclo 


eA 
page colour brochure 400 } 
which fully explains in word et 
and picture the Miraclo Nylon- (70) = Wp 
Core Belt — the Belt that Been tscy 


performs miracles. 


IRA STEPHENS LTD. 
ASHTON-UNDER-LYNE 


STEPHENS BELTING CO., LTD. 
SNOW HILL -: BIRMINGHAM 4 





With NEONIC SAFETY =) = 
PORTABLE 


L’’ POWER on 
4 SAW t 





Techt 
. Years ahead in design, the new Bridges DOUBLE INSULATED CARTRIDGE MOTOR MEONIC SAFETY EYE 
7} —_ Saw is the — which a “—— Gives more power for its size... greater resistance Indicates that saw is earthed and correctly wired 
man nas — e's thar’ 'ghter, more comfortable tq overloading . . . far longer working life. Air jet to the mains. An important safeguard to the user. 
to use, safer, it's the first portable power saw to clears sawdust from blade and marker. All these features plus depth of cut and bevel 
be double insulated. No other Portable saw has so adjustment up to 45°, make Bridges 7+” Power Saw 
much power or so many BIG features. EXCLUSIVE TORQUE CLUTCH a better, far more profitable tool to use by boosting 
UNIQUE SPLITTER KNIFE LU QU U production and giving safer, easier operation. Right 
QU “ete? , - g 
Protects motor against jams. If blade stalls,it allows through it is a Power Saw you can rely on. Selection of tk 


For ‘dead-eye’ accuracy and ease of use. Also acts 


as safety device. The knife rises and falls with depth 
of cutting setting. 


S. N. BRIDGES & COMPANY LIMITED, YORK ROAD, BATTERSEA 


motor to run at reduced speed until swiched off or 
blade pressure is released. 


of Saw Blades available for Rip and Cross Cut, 
Planing and Mitering, etc. 


, LONDON, S.W.11 
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FEEDS 








The new “'K” range of Variators have the same 
advantages of high reliability, compactness y, 
and sensitivity of control which have contributed ‘ 
to the successful use of Kopp Variators 

in Industry throughout the world. 

Efficiencies of between 85% and 93% are 
obtainable over an increased speed range of up 
to 12:1. The minimum output speed has been 
reduced to one seventh of the input speed. 
Technical Representatives in London, Birmingham, 
Manchester, Leeds, Bristol and Glasgow, 

or write to the address below for full details 


of the advantages of controlled variable speeds. 


ALLSPEEDS LIMITED 


ROYAL WORKS, CLAY TON-LE-MOORS, P.O. BOX 43, ACCRINGTON, LANCASHIRE. TEL ACCRINGTON 35441 (6 lines) 





When replying to advertisements please mention The Production Engineer 
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Compressed air plays a part 
in the Can- making industry 


Broomwade Air Compressors provide 






power for many important British 






BROOMWADE manufacture a wide 


Industries. Can-making, for instance, ; ; 
range of Stationary Air Compressors 











for The Metal Box Company. The with outputs from 2 to 2,200c.f.m.of 3 
photograph shows Broomwade Com- free air at 100 p.s.i. There are com- 


pressors specially designed to supply 3% 
oil-free compressed air, and the new oy 
“V” range with outputs from 365 to 2 
1,000 c.f.m. per minute at 100 p.s.i., 
which run so smoothly that deep %& 
foundations are unnecessary. 


pressors at their Westhoughton 


factory; six Compressors and three 





Vacuum Pumps are installed, and are 


proving themselves daily as a safe, re- 





liable and economical source of power. 


Please write for full details 


Air Compressors and 


BROOMWADE Pneumatic Tools 





YOUR BEST INVESTMENT 





BROOM & WADE LIMITED, P.O. BOX NO. 7, HIGH WYCOMBE, BUCKS. Telephone: HIGH WYCOMBE 1630 (10 lines) Telex: 83-127 
883 SAS 








AS 
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Line boring camshaft 












and crankshaft bores: 
and facing, counter- 


boring and milling of Cc h oO Ss e n b y 


seating on end of Wmbunyyegine® 


..-machining 


crankcase. 





crankcases 





Finishing liner bores THE 
including grooving 
operation. ‘ 


These Landis Lund Fine Borers are installed at 














the Crewe works of Rolls Royce —meeting the exacting 
standards of this Company on the production of 
crankcases. 

The finest car in the world relies on machining the 


Precimax way. 


we % 





Boring and milling on 
drive take off holes 


and faces. TYPE FBI/3 


FINE BORING MACHINE 





LANDIS LUND LIMITED 


CRC 





EY—YORKSHIRE 


MRPISGE 
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. and not only maximum 
penetrating capacity . . . but also 
unsurpassed speed and ease of 
operation, due to hydraulic 


pre-selection of feeds and speeds. 


Capacity is up to 4} in. diameter, 


in cast iron. There are 22 speeds 
from 11 to 1,450 r.p.m., and 18 
rates of feed. These powerful 
and versatile machines are 


available in ten sizes, from 5 ft. to 


- ' 14 ft. spindle radius. Complete details 
If gladly sent on request. 


JAMES ARCHDALE & CO. LTD. Wilraue 


BLACKPOLE WORKS - WORCESTER < ! 


a. PRE-SELECT RADIALS 


Sole Selling Agents: ALFRED HERBERT LIMITED 








etails 





DRAULICS 
Serve the very young... 
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VSG Mark IIT Hydraulic Transmission Gears capable of 50 H.P. 
output driving Richard Simons & Sons Ltd., twin 
cylinder drying machines in the Farex Dept. 


at Glaxo Laboratories Ltd., Greenford, Middx. 


INFINITELY VARIABLE 
HYDRAULIC TRANSMISSION GEARS 


VICKERS-ARMSTRONGS (ENGINEERS) LTD 
HYDRAULICS DIVISION WEYMOUTH WORKS WEYMOUTH DORSET Tel: Weymouth 6 
Further Technical Information Supplied on request to 


Registered Offices and Sales Department: VICKERS HOUSE BROADWAY LONDON SWI Tel: ABBEY 7777 
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VERSATILE - 
TURRET 
MILLER 


for Milling, Boring, and Jig 


Boring at any angle, Keyway and y a 
\ ale\ TY 
— OW 





















} 
End Milling, Die Sinking, Mould 
and Pattern Making. Machine 1 . 
a 
illustrated is fitted with table 
power feed and slotting 


head as extras. 











Head swivelled and tilted. 








Head angled, swivelled and tilted. 


For full details write to: 


WAKEFIELD ROAD 


WOODHOUSE & MITCHELL | "".!°"" 


rat! = 





PHONE: BRIGHOUSE 627 (3 LINES) 
GRAMS: ‘WOODHOUSE BRIGHOUSE’ 
WM26 
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A move in the nape direction 


The essential dependability of A-MP programming sys- 
tems is ensured by the double-wipe action which cleans 
contact surfaces as they engage. The unique design pro- 
vides contact engagement by a lateral locking movement 
of the entire removable patchboard so that contact pres- 
sure is consistent, and pins cannot be displaced. Note 


the special chevron shape of the contacts, providing 





0.090” of wiping action with only 0.060” pin travel. 
Other advantages of A-MP patchboard systems are: 


Remarkable flexibility of switching arrangements. 

Contacts made and broken by cam action of frame. 

Double wipe action precleans contact springs. 

Contact resistance stable down to low microvolt levels. 

Consistent contact pressure, irrespective of number of connections. 
Range covers 240 to 5304 contacts, in various materials. 


Standard range of pluggable leads covers all lengths and configurations. 


"> PROGRAMMING SYSTEMS 











AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD 





= Head Office: Dept. 33 AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.1 
TRADE MARK Tel: CHAncery 2902 (7 lines) Telex: 23513 Cables: AMPLO LONDON TELEX 
* Trade Mark of 
AMP Incorporated U.S.A, SOUTH AFRICA; DISTRIBUTOR, E. S. MOWAT & SONS (PTY) LTD. 51-57 MILNE STREET, P.O. BOX 437, DURBAN, NATAL, SOUTH AFRICA 


ASSOCIATED COMPANIES IN: U.S.A., AUSTRALIA, CANADA, HOLLAND, FRANCE, GERMANY ITALY, JAPAN AND MEXICO. 


When replying to advertisements please mention The Production Engineer 








AIR CYLINDERS 

CONTROL VALVES, 
FITTINGS etc. FOR ALL 
INDUSTRIAL APPLICATIONS 












PRECISE CONTROL 
ADVANCED DESIGN me ae ands ama Sh 
COMPETITIVE PRICES 


1/16” movement to open valve with 3/32” over-trave 


> 


Balanced action with maximum sensitivity 


+. 


Push-out hollow tension pins serve the dual purpose ¢ 


+ 


fixing holes for single valve or battery mounting. Simp 
conversion of valve to alternative methods of operatio 
Plunger—Hand Pad—Hand Lever—Lever and Roller- 
Ball—Air—Solenoid—Foot 


* 1/8” and 1/4” B.S.P. port sizes, 
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comprehensive CONSULTAIR range 


ers all requirements for pneumatic and/or 


ight hydraulic equipment in the fields of 


omation, mechanisation, materials handling 


nc process control. 


; r experienced team of technical engineers 
“ | be pleased to advise immediately on 
eceipt of your requirements. Layout drawings 
f proposed circuits and standard components 
, provided free of charge with quotations. 
T hnical representatives are at your service 


throughout the country. 


Robust construction — corrosion resistant materials — 


maximum power. 


No tie rods—end covers positively located in cylinder 
barrel and secured by retaining ring, thus ensuring 


correct alignment of piston and rod bearing 


A wide variety of mountings to suit any application. 
e.g., foot, flange, trunnion, base, etc 


Bore sizes 7/8”, 1}” 2)”, 3’ and above, cushioned and 
non-cushioned, double acting and single acting 


* 


Aft i. 


Arete He 


Simplicity of design with minimum of component parts 
Strong non-rotating operating piston 
Capable of many millions of reversals 


Available for positive self-centring and self-reversing 


action. Hand, air and solenoid operation 


1/8”, 1/4”, 3/8" and 1/2’ B.S.P. port sizes 
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No need for additional 
machines and extra fioor space 





DIMENSION 
INDICATORS 





* Reduce stoppages 
for measurement 
after each cut. 


* Increase machine 
utilisation and 
output. 


* Reduce setting 
errors. 


* Direct readings of workpiece 
dimensions give greater speed and 
accuracy. 


Full technical details on request 


English Numbering Machines Ltd. 


Dept. 3K - QUEENSWAY - ENFIELD - MIDDX - HOWard 2611 (5 lines) - Grams: Numgravco, Enfield 
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ROTOR DISCS 
FOR 
JET ENGINES 


are often extremely thin. Besides that, both faces are of 
different profiles and sometimes without centre bore (see 
section, top right). It is no longer a problem to economically 
turn these difficult work-pieces since the DPK 750 ‘DISCOMAT’ 
Twin Copy Turning Machine appeared on the market. The 
discs are clamped at their circumference and simultaneously 
machined on both sides with 2 copying slides. Operation is 
very simple; when pushing a button, the automatic cycle starts. 


The application of the DPK 750 is not only restricted to rotor 
discs, however; thick-walled, even asymmetrical work-pieces 
can be machined as well, e.g.; bearing caps, rope pulleys, 
brake drums, housings, etc. 


Swing 750 mm 

Speeds, two steps 12 - 120, 28 - 280 rpm 
18 Feeds, range 0.06 - 3.15 mm per rev 
Motor power 10-34 HP 
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SOLID CEMENTED TUNGSTEN CARBIDE 


















accurate tooth forms 












@ Available in fine, medium 








and coarse flutings, also 





diamond cut and file cut, 















Home Sales: 







Export Sales: 











in a wide variety of 
shapes and sizes 

@ An efficient 
REGRINDING 
SERVICE 
is available 





Write for our catalogue 


of ‘PROLITE’ BURS 


PROTOLITE LIMITED (a subsidiary company of Murex Ltd.), RAINHAM, ESSEX. 
Telephone: Rainham, Essex 3322. Telex: 28632. Telegrams: Protolite Rainham-Dagenham, Telex. 
Southern Area Office: Central House, Upper Woburn Place, London, W.C.!. 

Midland Area Office: Guildhall Buildings, Navigation Street, Birmingham. 2. 

Northern Area Office: Norwich Union Buildings, City Square, Leeds, |. 

MUREX LIMITED (Powder Metallurgy Division) RAINHAM, ESSEX, ENGLAND. 
Telephone: Rainham, Essex 3322. Telex: 28632. Telegrams: Murex, Rainham-Dagenham, Telex. 





for machining and finishing any material 
from plastics to hardened steel 





@ These tough tools are perfectly balanced with sharp 


@ Very fast cutting rates are possible with ‘ PROLITE’ BURS 
The working life is 50 to 100 times that for steel burs 
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SOLDERLESS TUBE 
FITTINGS 


COOLANT FITTINGS 
FILLER CAPS 





ADVISORY SERVICE : 

Radyne Ltd are leaders not only in the theory 
of induction heating but also in the best 
ways of using it in practical, down-to-earth 
industrial problems. We will be happy to dis- 
cuss your problems without obligation, 


Please use the coupon below. 


A line of R.F. induction heaters in service with 
the Ford Motor Company, Basildon, Essex. 
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Across 
new 
frontiers 
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REGISTERED TRADE MARK 


IMPROVED 
METHODS OF 
INDUCTION 
HEATING 


Many high production processes are best 
carried out by radio frequency heating . . . best 
because of its inherent controllability; best for 
blunt indisputable facts of economics. 
INDUCTION HARDENING 

R.F. heating will harden components locally 
with the greatest precision, and is far quicker 
and cheaper than conventional methods of 
surface hardening, localised through harden- 
ing, and tempering. 

SOLDERING AND BRAZING 

Soldering and brazing by induction are quicker 
and cleaner than by conventional methods. 
Localised heating restricts the flow of solder 
to the joint area. Both parts to be joined are 
raised to working temperature together. Scale 
and discoloration are reduced to a minimum. 
THROUGH HEATING 

In forging, stamping, and other processes, 
rapid through heating to forging temperature 
saves time and space, reduces scaling and in 
consequence wear and tear on dies, improves 
dimensional accuracy, and gives better work- 
ing conditions. 

ANNEALING 

Localised annealing between processes can be 
carried out with greater speed and control by 
induction methods than by any other. 
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RADYNE 
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WOKINGHAM BERKS ENGLAND 
TELEPHONE: WOKINGHAM 1030 

(12 LINES) 
CABLES: RADYNE ENGLAND 





of induction heating 











| am interested in the industrial applications 
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INDUSTRY 


AND THE 


COMMUNITY 


+ BELFAST 


BRISTOL 


* LEEDS - 


SMALL TOOLS 


MACHINE TOOLS 


BRITAIN’S ‘ RUST-OLEUM/SLIP 
FOREMOST iz AND RETAIL 
DISTRIBUTORS tii Maal DIVISIONS 
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Monks & Crane Ltd 


BIRMINGHAM < 
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For competitive plunge or through- 
feed grinding, and to tenths 


Serivener 

























This machine offers accuracy of 
grinding, quality of finish, and 
economy of production under the 
most exacting conditions. 

With a grinding capacity up to 3” 
diameter at maximum production 
rates and 1” for batch work, 

the No. ‘0’ machine caters 

for most classes of small work. 
Many standard features normally 
regarded as extras contribute 

to operating efficiency and together 
with a patented controlled-cycle 
system for plunge grinding 

this machine is today’s best 
proposition in small x 

centreless grinders. 


If you have a centreless grinding 
problem — share it with us ! 


reless Grinding Machine | ‘" 


were 
Some standard features. 







on 






Maximum opening, new wheels, hand-operated machine 


Aut 









Maximum opening, new wheels, controlled-cycle machine 





Grinding wheel size, diameter x width 















Control wheel size, diameter x width x? “> 


wickm an @¥irimiten Gane 


FACTORED MACHINE TOOL DIVISION, BANNER LANE, COVENTRY 
Telephone: Tile Hill 65231 540 F20 /80 
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PHYSICAL REQUIREMENTS OF AUTOMATION 


by A. L. STUCHBERY, M.I.Mech.E., M.I.Prod.E. 





This Paper, and the Paper which follows it, 
were presented at the First British Conference 
on the Social and Economic Effects of 


Automation, held at Harrogate in June, 1961. 





* 
. 


Chief Technical Engineer, The Metal Box Co., Ltd.; 


Vice-Chairman of Council, 


The Institution of Production Engineers, 


I PROPOSE in this survey to limit myself to the 
requirements for automation practices when applied 
to manufacture. The exclusion of reference to auto- 
mation in the chemical and similar industries, and 
applications to data processing directed to forecasting 
and production control, in no way belittles these 
important aspects. The purpose is to consider auto- 
mation requirements associated with the machining, 
forming and assembly of things of unlimited variety 
and, in some cases, almost unlimited complexity. 

If we consider what is involved in the manufacture 
of a motor car, it is clear that between the automatic 
manufacture of a single set screw and the automation 
of, say, a cylinder block, as single components there 
is an enormous difference in complexity. It is also 
clear that apart from the wide range of components 
which a car manufacturer may himself attempt to 
automate, there is a very wide variety of items made 
for him by his suppliers and, in turn, by theirs. But 
the motor car is still only a small part of the manu- 
facturing spectrum, so that even limited in the way 
I have indicated, the field remains immense. Essen- 
tially our problem is that of considering the variety 
of extents to which we may engineer production and 
to underline some of the guiding principles and needs. 


It is trite to observe that man is a tool-using animal. 
It is, nevertheless, fundamental to the whole industrial 
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Direct Skill ae 
1st. Order of Mechanisation 
Direct Skill ‘ 
Skill 2nd. Orders of Mechanisation 
per 
Unit Total Skill 
Indirect Skill 
RATE OF PRODUCTION 
FIG.1 
Overhead 
Expense 
per 
Unit 
RATE OF PRODUCTION 
FIG. 2 
ist. Order 
Capital 
sagged 2nd. Orders 
per 
Unit 








RATE OF PRODUCTION 
FIG.3 


scene. From time immemorial he has developed 
amazing skills in the fashioning and use of these tools, 
and it needs no argument to extol the perfection 
and beauty of the many things man has made through 
countless centuries with nothing more elegant than 
hand tools. Nor is there any field in which we lack 
example and inspiration: magnificent buildings and 
their furnishings, carvings, engravings and paintings 
and, of course, development of tools and instruments 
used by the mathematicians, astronomers and 
mariners of early time. 


Nevertheless, when things were made in this way, 
time was unimportant and we may judge that pro- 
gress in the development of skill was correspondingly 
slow. Indeed, looked at from our position, these eras 
appear almost static since progress depended upon 
minute increments of improvement and transmission 
from generation to generation. Certainly there are 
peaks of outstanding achievement, but great intervals 
intervene and if the progress really is systematic it 
can only be so when judged on a very long time scale. 
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the industrial revolution—first order of 
mechanisation 


Such tools are, of course, the elements of mechani- 
sation and, together with devices like the wheel and 
the level, were the instruments of individual skill 
while wielded by hand, and this situation prevailed 
throughout known history until the era of power. 
All tools were simple and general and bore no specific 
relationship to a given product. They were simply to 
cut, to hammer, and to hold. The only exceptions 
were moulds for castings and coinage. 


With the coming of power came a revolution in 
tools. Cutting tools were put under control, hammers 
became formers and the holding tools became specific 
fixtures. They began to bear a recognisable relation- 
ship to the product. The development of such 
practices really represents the awakening of produc- 
tion consciousness. It opened up the major pre- 
occupation of production until the end of the 19th 
century which was the division of labour, the 
multiplication of tooling and the general de-skilling 
of the work. Although individual skill remained 
important, the division rendered it sufficiently narrow 
in scope that the number who could acquire it became 
correspondingly increased. Together with the appli- 
cation of the power which could wield and sustain 
these tools, this represents the essential element in the 
Industrial Revolution. 


The other important factor was the change in the 
pattern of demand. It was not only a case of an 
ever-increasing number of people becoming capable 
of producing; the products themselves stimulated 
unsuspected appetites which, after two or three cen- 
turies of growth, show no signs of being satisfied. 
Indeed, though a demand may be started by a specific 
invention or development, it is the persistent pressure 
of an expanding and unsatisfied demand which deter- 
mines the extent to which production practices are 
mechanised. 


This kind of mechanisation had, in many applica- 
tions, arrived at a very advanced state of development 
by the close of the last century and I propose to call 
this the mechanisation of divided operations or the 
first order of mechanisation. 


automation—second order of mechanisation 


It is from this point that automation starts and in 
the same context may be defined as the second order 
of mechanisation. Two basic steps are involved — one 
concerned with the conditions of “ flow” which must 
follow the joining of separately mechanised operations 
into one continuous process, and the other, those 
aspects of control needed to make such an integration 
a viable undertaking. 


In the same way that there may be many degrees 
of the mechanisation of divided operations, so too 
are there endless variations in the extent to which 
these two factors of integrated mechanisation may be 
applied. 

The pressures which demand, and the reasons for 
adopting, varying applications will be the major 
object of this review, but in the most general sense 
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the purpose is to make more effective use of man- 
power, which of course, means man’s skill. 

Whereas in hand work the whole available skill 
is invested in the product, in the mechanisation of 
divided operations a varying amount of skill is 
invested in the specific tooling and less in the product. 
When we proceed to the mechanisation of integrated 
operations we need additionally to invest skill in both 
the means for linking the operations, and the means 
of control. Usually, the skill then invested in the 
specific tooling will be at its maximum. 


Fig. 1 sets out the sort of relationship which may 
exist between the three stages. With an arbitrary 
unit of skill per unit of production, the line “A” 
shows the trend likely to take place at different levels 
of mechanisation of divided operations; while “B” 
and “C” show the trends with varying degrees of 
the application of the two main factors of automa- 
tion, or the second order of mechanisation. The likely 
investment of skill in the mechanical facilities is 
shown at “D”, while the line “E” shows the sum 
of all the skills. 

Fig. 2 shows the sort of trend to be expected in 
administrative effort. Fig. 3 indicates the capital 
employed relationship, to which further references 
will be made later. 

The extent to which investment is made in making 
man’s skill more productive will be determined by 
one or more of the following requirements. Their 
order of importance will vary with circumstance, 
though the first is likely to be the most compelling, 
at ieast in the early stages. To the extent that skill in 
converting materials is the basic element of cost, the 
economic and efficient application of automation 
must result in cost reduction. The crux is the 
economic and efficient application. 


These requirements are : 


1. the overall increase of production in order to 
meet demand; 

2. the reduction of the labour or skill element to 
remain competitive; 

3. the improvement of quality or consistency; 

4. the better utilisation of equipment, buildings 
and capital resources; 

5. the reduction of wasteful inter - operation 
inventorics. 


These are the factors in the overall industrial] 
pressure which determine the extent to which 
mechanisation of either the first or second order is 
adopted and the rate of change from one to the other. 


Mechanisation of the first order has been concerned 
mainly with items | to 3, usually in an ad hoc and 
disconnected fashion. The second order, however, 
deals with them all and essentially in a connected 
and systematic way, in order to achieve a coherent 
and controlled whole or process. 


product development for automation— 
some historical notes 

Although the quality of the second order of 
mechanisation will depend on the quality of the first, 
it does not follow that the first order, chosen for its 
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own sake, will necessarily be appropriate to extension 
to the second. The division of operations appropriate 
to re-integration needs not only to foresee this 
integration, but needs also to be related to what may 
be called unit or proportional cycle time. The essen- 
tial need for “ flow” is that the individual operations 
into which the whole is broken shall have as near as 
possible a unit time for performing those operations 
so as to achieve a steady load. Accordingly, although 
automation may well be built on to an existing first 
order, this can only be done after the most careful 
operation-by-operation reviews. Indeed, it has fre- 
quently been found that the first order is basically 
unsound for the second order. 


Fig. 4 illustrates a newspaper machine installed by 
The Times about 1850. It was based on the feeding 
of individual sheets by separate operators and subse- 
quent collation also by separate operators. Fig. 5 
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SOLDER 7 Fig. 6 


shows a scheme of a continuous web or reel-fed 
machine installed only a few years later wherein the 
product was printed on both sides, folded, cut and 
collated completely automatically. The essential 
difference was the new form of material available 
and, therefore, a basically new first order of division 
for re-integration. 


| OLD TYPE SOLDERED 


CAN Paper was itself invented by the Chinese in the 


first century A.D. and was made by hand beating and 

pulping the fibres and setting and drying it in sheet 

moulds, and this continued right up to the beginning 

SECTION of the 19th century. Then the Fourdrinier Brothers 

| developed the invention of Louis Robert who, in 

| 1799, had made a paper making machine for con- 

| tinuous production. They used the engineering skill 

of Bryan Donkin and by the 1830’s some 30 or 40 

machines had been produced. The essential element 

or new thought here was a continuous moving web 

to carry away and process the milled pulp. Fig. 6 

shows the machine as built in 1839 and indicates the 

steps taken in integrating into a continuous process the 

separate operations which had hitherto governed 

paper making. It also indicates the basic change from 

discrete sheets to the continuous web which 

was in its turn the basic requirement for the change 
of approach to newspaper printing. 











MODERN TYPE SEAMED 
CAN 





Oddly enough, contemporarily with this the 
Frenchman Nicholas Appert had _ invented his 
method of food sterilisation. This was adapted to the 
use of cans and developed into a serious canning 


OLD/MODERN SOLDERED/SEAMED CAN operation, again by Bryan Donkin. Thus was born 
FIG.7 the canning industry, and the pressure of demand 
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resulted in considerable first order mechanisation. It 
was not until the close of the century, however, that 
the container was redesigned so that second order 
mechanisation could be adopted. Fig 7 shows the 
product change, while Fig. 8 shows the process 
integration which this has made possible. 


problems arising from extending automation 
unit time cycle 

Hitherto, the general pressure of industrial demand 
has resulted in the second order of mechanisation 
being applied to many products which are basic— 
like paper, board, steel sheet and strip, wire, cable 
and so on. Most of these involve massive manufactur- 
ing undertakings, though the complexity is more in 
detail than in the multiplicity of operations. 

The present trends in automation of manufacture 
are more concerned with the conversion of these basic 
materials already automated. Applications to multi- 
operation components like screws and similar items 
have been made since the early part of this century 
by moving tools successively to the work as well as 
vice versa, as in single and multi-spindle automatics. 
In such cases the operation time need not be equal 
since each operation is sequential. However, to the 
extent that one tool only is operating at a time, the 








rest of the tools are idle and though such automatics 
represent an entry into the second order of mechani- 
sation, they do not achieve full tool utilisation and 
thus fall short of the ultimate. To achieve this we 
need to move the work progressively from tool to 
tool, so that ideally all tool are working all of the 
time except that part consumed in work movement 
or transfer. 

For this to have the greatest effect, the division to 
individual operation needs to be on a constant unit 
or proportional cycle time. This operation cycle time 
being the sum of transfer time and work time, it 
follows that any particular transfer problem may be 
adjusted by appropriate allowance in the next 
succeeding operation work time. Alternatively, it 
may indeed be made an operation in itself and there- 
by given the full cycle time to carry out its function. 

The relation between feed time and work time 
largely determines the extent to which automation 
can secure greater equipment utilisation. 


in-process work reservoirs and banks 


Suppose we consider a single press operation where 
each stroke is manually controlled and takes one 
second to complete. Suppose the component takes the 
operator three seconds to pick up, orientate, and 
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deliver to the dies, then depending on the degree of 
synchronism and overlap achieved by the operator, 
the maximum possible production will lie between 
15 and 20 per minute. If now a hopper or magazine 
is used which, because of sequential selection or 
separation, orientation or presentation, and transfer 
or feed, can achieve these functions in something 
better than one second, then by integration and 
synchronisation with the press an actual production 
of 60 per minute may be obtained. 

Since the ejection of work from presses is usually 
controllable, in many cases an inter-operation transfer 
is all that is required in linking a number of opera- 
tions so that almost all the automation gains are of 
a high order. Machine utilisation may go up some 
hundreds per cent., the attendance of human 
operators is vastly reduced and, of course, inter- 
operation work in progress is drastically reduced. 
Fig. 9 shows a modern transfer press where a large 
number of operations are carried out on a common 





bed and where the component is progressively fed 
from operation to operation. This represents what 
may be done with relatively small components and 
achieves the maximum of integration. To achieve 
a similar result with larger components separate 
presses are frequently joined by conveyors or transfer 
mechanisms, as in the multiple press operations in 
car body production. 

If we now take a machining operation where, in 
the overall floor-to-floor time of four minutes, the 
unload, feed and load time is 15 seconds, the most 
elegant use of automation will only marginally 
increase equipment utilisation. However, the greatly 
reduced requirement of human attendance does 
confer on equipment utilisation the advantage of 
more certain and consistent cycle time achievement. 
The unit or proportional cycle time is the overall 
potential of the automated plant as a whole. Its 
three main fractions are feed time, work time and 
down time, the last both scheduled and unscheduled. 








Fig. 9 
Modern transfer press 
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If operations, which individually have substantial 
magazines or reservoirs feeding them, are joined 
into an integrated line we still retain inter- 
operational flexibility. 

In most press work operations equality of cycle 
time is not difficult to contrive, while unscheduled 
down time should not be significant. Accordingly, 
direct coupling for a convenient number of operations 
is not difficult. 

In machining operations it is frequently necessary 
to duplicate or multiply certain operations to achieve 
an overall uniform cycle time. In such an event the 
product may be delivered from duplicated operations 
into a common feed to the next operation, or 
alternatively it may be fed into a reservoir or inter- 
operation hopper. This, however, is only satisfactory 
when the reservoirs themselves are properly designed 
both as to position and capacity in relation to the 
risk of unscheduled down time of one kind and 
another. Accordingly, the extent to which one 
operation eject may be the feed to the next, and the 
number of such connected units, will be determined 
by the estimate, operation by operation, of this risk. 
If the risk can be made insignificant, then the pro- 
duction advantage per se will improve with the 
number of connected units. If, however, there is a 
significant risk operation by operation, it is clear that 


FIG. 10 


for any combination of operations the overall un- 
scheduled down time will lie somewhere between the 
sum of all the risks and the individual greatest. 
Obviously, this must be reduced as far as mechanics 
and tool life will permit. However, this must remain a 
calculated risk and to minimise its overall effect, use 
must be made of reservoirs and/or banks, which may 
provide the flexibility needed between the respective 
sections of an automated whole. 


In the case of the automated ball and roller bearing 
factory in Moscow, the incoming raw materials are 
forgings or tube from which the inner and outer races 
are made, the finished balls or rollers and their 
respective cages. The problem in any single product 
consists of making two components and then assemb- 
ling them with the balls and cages. The overall cycle 
time on the ball bearing line is an actual 200 per hour 
and on the roller line 130. The operations involve 
turning and marking, heat treatment, grinding and 
assembly, as well as comprehensive cleaning and 
inspection needs. The individual operations clearly 
cannot be brought to equality so they have to be 
balanced by factor multiples, including an overall 
balance of estimated unscheduled down time. Fig. 10 
shows the general layout and indicates the way in 
which hoppers or reservoirs interpose specific opera- 
tions, and how those operations are performed with 
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multiple equipment. Such an arrangement not only 
bridges the different actual times of single machines, 
but provides an additional flexibility against the 
effects of unscheduled and scheduled tool changes. 

The other major consideration in selecting the 
number of operations which may be joined together 
is, of course, the scheduled down time. The extent to 
which changes of products are required and the 
frequency of change will dominate this aspect. 
Experience in almost all cases of automation has 
shown that the use of banks or reservoirs and the 
limitation of operation integration to reasonably 
manageable sections is imperative, and especially 
where variety changes have to be provided for. 

In the case of the ball bearing factory these are 
essentially reservoirs. In some cases the inter-process 
material amounts to a bank. 

Fig. 11 illustrates the use of banks to provide mass 
flexibility and maximum variation. The example 
shows modern steel sheet production and indicates 
the progress from a common ingot to the highly 
variable end product. The work done between each 
bank comprises many operations and is highly auto- 
mated. The discontinuity at each bank provides 
manufacturing flexibility and relative indifference to 
unscheduled troubles at either stage affecting the 
whole. What is, however, much more important is 
that these breaks in the continuous line provide the 
means for the orderly provision of end product 
variables. In this case the stock of product between 
the different sections is truly of the nature of a bank. 
It represents the premeditated cessation of an under- 
taking at a given point and an accumulation of goods 
from which on some future occasion a further start 
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will be made. It not only provides an overall system 
which can be reliably planned or predicted, it pro- 
vides convenient points for bulk accounting and the 
preparation of digestible operating statements. 

The provision of a reservoir, however, is usually to 
be taken as an in-motion moderator. This is the 
case with the ball bearing factory. 

Fig. 12 shows the mechanical connection of the 
many operations of can making. In each case there 
are in-line reservoirs or moderators in order to 
maintain steady flow, while at the ends of each line 
a bank is formed. Although in a balanced plant the 
product of each section must be substantially equal, 
the banks mitigate the evils of unscheduled down 
time and permit effective planning. 

Fig. 13 shows the layout of a popular car cylinder 
head and valve guide assembly line and shows the 
points at which banks are provided and where quality 
inspection is carried out. The strategic positioning of 
control points will be noted. The cycle time is 0.8 
minutes or effectively 60 per hour, and the reservoirs 
are again essential in order to ensure that the effects 
of unscheduled down time, or deficiency, may be 
evened out. To be effective the reservoir must start 
with a content below its maximum capacity so that it 
has “product” to give if its supply dries up and 
capacity to hold if its output cannot be taken. Such 
reservoirs may be manually regulated from control 
desks where the pattern of down time behaviour may 
be seen, or may be automatically controlled by 
high/low level controls or gates. 

A plan adopted for cylinder head and block pro- 
duction for commercial vehicles, where the output 
required is much lower, is indicated in Fig. 14. In this 
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case three separate lines are required and provide for 
production on cycle times of from 10 minutes in the 
case of the fastest, to 20 minutes in the case of the 
slowest. In this application there is provided room 
on the conveyors for three components between each 
operation. This is clearly sufficient to provide for 
normal tool replacement and because of the time cycle 
the components are manually progressed. 

The proper choice of banks and reservoirs is 
economically as important as the technical choice of 
equipment. Reservoirs are generally chosen on the 
analysis of well designed work study, while the choice 
of bank policy will usually depend on longer term 
considerations and may well be the.subject of study 
by statistical techniques and operational research. 

Reservoirs or banks necessarily imply hopper feeds 
when flow is to be restarted. Many small components 
may be stored in random hoppers from which they 
may be allowed to move by gravity, rotational or 
vibratory energy into means for orientating for correct 
relationship. Larger and more complex elements may 
need to be banked or reservoired in orderly form for 
re-feeding. Staggered, tiered or looped conveyors with 
suitable in and out transfer devices are usually 
appropriate. 

The major applications of the second order of 
mechanisation in manufacture have so far been 
directed toward the integration of the various 















operations involved in a single component. Some 
applications, like the ball bearing project, or can 
making, have, however, been made in the field of 
assemblies. The problems are usually sufficiently com- 
plex to justify their being considered quite separately 
from the automation of the component parts. In 
most cases separately made components will be 
brought to meet the major element appropriately 
during its manufacture. 

In general, however, the feeding of mating parts is 
arranged from banks, when complete flexibility of 
supply is attained. In these applications a more 
elaborate system of control is required to ensure that 
the main stream of operations gan selectively call 
for sub-components as and when needed. Suitably 
triggered gates are usually all that is required, though 
the need for control is essential. 

In the Russian automated ball bearing factory there 
is provision for selective assembly of the elements 
according to their position in dimensional tolerance. 
Obviously, this presents no difficulty once the com- 
ponents are appropriately gauged and directed into 
respective dimensional banks and so long as appro- 
priate demand signals can be initiated. Similarly, with 
a proper grading of the balls or rollers a geometric 
distribution of dimensions can be readily obtained. 

An equally interesting application to multiple parts 
is the assembly of a talcum powder tin (Fig. 15). It 
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consists of a bottom, a body, a breast or top, an 
inner closure and an outer closure. Usually the first 
two are dealt with by a sequence of automated 
operations which completely make the body and 
accepts the bottom from a magazine for attachment. 


The top assembly is usually produced on automated 
lines producing each element which meet at an 
assembly point for completion. 


problems of control 


The forms of control to be adopted will have four 
main functions : 


(a) to regulate and maintain flow in conformity 
with line requirements; 

(b) to secure tool and component relationship while 
being worked upon; 

(c) to protect the equipment and tooling from 
damage due to faulty transfer or improperly 
completed work; and 

(d) to audit the performance of the respective 
operations and maintain the quality of the 


product. 


For all these aspects control equipment needs to do 
four things : 


1. to detect or recognise a situation; 

2. to express it in actionable terms with respect to 
time; 

3. to signal or initiate an action; 

4. to carry it out. 


Detection of almost any characteristic is nowadays 
relatively simple. Physical reactions from touch or 
contact, from seeing, or interpreting colour, emboss- 
ments, fluorescent codes, or light interference, from 
nearness or proximity indicated by mass or inductance 
or various applied codes, are all capable of electronic 
amplification and discrimination into actionable 
decision. 

There is likewise no shortage of suitable. servo 
mechanisms which can apply the power required to 
carry out the instructions signalled. 

The time relationship on a line will usually be 
sequential whether this merely be from operation to 
operation, or whether this sequence is supplemented 
by other audits. 

In every case the functional performance of the 
servo systems has to be interlocked with, or part of 
the system. 

In the case of quality a different circumstance 
arises. Where trends are being detected, stop or warn- 
ing signals will be provided at the unaccept limit. 
There may be, however, random components which 
are unacceptable which do not reflect a line failure. 
Such components may well be permitted to pass 
through the line without interruption so long as they 
are rejected at the end. In such cases the line may 
have a built-in and timed memory so that a signal 
at detection will secure ejection at the end. 
Alternatively, the component may be made itself to 
be the memory by being given a code on inspection 
which a device at the line end may observe and reject. 
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These various devices may be sequentially quite 
automatic as they are in very fast moving operations. 
In many machining operations it is more practicable 
to have a certain amount of direct manual initiation, 
or a form of signalling to central control centres or 
desks where decision switching takes place. The infeed 
of such signals to recorders is frequently valuable for 
the study of operation or sequence improvement, and 
the better use of reservoirs and banks. 


Clearly the control system meets the separate 
needs of flow, of position, of protection, and of 
quality, and at the same time integrates or interlocks 
them all together. 


The audit of quality should be no more compli- 
cated than that essential to secure an acceptable 
product and a minimum of unscheduled down time. 
In many cases certain aspects may be inspected on a 
suitable sampling plan at the banks, while other 
features may have built-in inspection as_ specific 
operations. The more advanced the order of 
mechanisation the more imperative is built-in quality 
control, for after excessive down time, the fatal fault 
can be the high speed production of unusable parts. 


The study of quality for accept/reject or for trend 
will provide for the study of tool, material and control 
reliability. The traditional method of cost reduction 
in the first order of mechanisation is the increase of 
operation speed to reduce the individual floor-to- 
floor time. With the second order of mechanisation, 
individual operation speeds give way to reliability so 
that a tool which will cut fast is less important than 
one which will keep up to line speed for a longer 
time. In the same way, materials variations which 
can affect consistency of performance must be 
eliminated. 
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Fig. 16(b) (below) 





Fig. 16(a) (left) 


Fig. 16(c) 


economics 


The question of capital cost in the sort of automa- 
tion I have been considering, calls for very careful 
study. Brief reference was made earlier to Fig. 3, 
where we see the very attractive possibilities at the 
early part of the curve and the rapidly diminishing 
returns thereafter. In practice this curve will never 
be a smooth progression for a given product, but will 
effectively be substantial production returns for sub- 
stantial steps in capital investment. 

If we consider again the example of the press 
operation which became raised from 15-20 per 
minute to 60 per minute with considerable reduction 
in operator attendance, we see that this was achieved 
with the same press and the same tools. All that was 
added was a hopper or magazine and perhaps a 
timed infeed and eject mechanism, together with 
perhaps one or two triggers and limit switches. At the 
outside, 50°/, more in capital cost resulting in 400%, 
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product increase. From this point there is also the 
same order of improvement by integration with other 
operations, more speedy throughput, higher produc- 
tion of other capital resources and vastly reduced 
work in progress. 

Unit machines built up into line production can, 
in many cases, save the expense and inflexibility of 
special purpose machines. Thus, investment in the 
integration, in the special tooling, and in the transfer 
and control gear is the major cost. Increasing atten- 
tion is being given to unit construction of machines 
so that integrated lines may be built and where 
necessary rebuilt. So, too, is increasing attention being 
given to operating convenience or ergonomics. 
Machine to machine convenience is important, but 
even more important are those aspects of human 
needs without which even the most automated plant 
cannot work. Safe and easy access for tool removal or 
adjustment, for lubrication and maintenance, and for 
swarf removal and cleaning, are perhaps most 
important. 

Beyond this sort of automation the order changes 
altogether. It would probably be possible to secure 
a further increase of, say, 50°% in the case of the 
press operations if a great deal were now invested in 
a faster, more robust and more accurate press, and 
much more elaborate means of hoppering, pre- 
selecting, pre-orientation, feeding and so on. In 
machining operations it is very doubtful whether even 
very expensive special purpose plant would make a 
really significant improvement. Furthermore, as 
capital investment increases so does down time become 
a heavier burden. With machining operations the 
breakeven usually comes much sooner and once 
automated, the most profitable development thereafter 
is usually to be found in patiently weeding out ineffi- 
ciencies and especially the causes of unscheduled 


stoppages. 


trends in machine tool and process development 


What are the possibilities and trends for the 
future? 

Clearly, the most obvious will be in the direction of 
standardising more and more components of manu- 
facture, so as to bring them into the volume class 
necessary for the second order of mechanisation. 


acknowledgments 


We must, however, have constantly in mind the 
basic need of an appropriate foundation in the first 
order. Since we know the devastating effect of the 
law of diminishing returns, we may well see whether 
a radical change of view may not uncover the 
possibility of a new scale for the curve. Figs. 16(a), 
16(b) and 16(c) show three first orders in steel sheet 
production. Each was no doubt brought to a high 
degree of perfection in its own class, and each change 
required a revolutionary change of basic operation. 

The possibilities from original thinking of this 
kind are surely the most exciting and will prove the 
most rewarding aspects of the production horizon. 
More and more machining operations will be 
displaced by metal and material forming operations. 
Massive developments are likely to take place in 
forging, press forming and extrusion applications, 
while the possibilities of dynamic or high energy 
material flow, as in many thread and gear rolling and 
so-called flow turning operations, are as yet barely 
touched. Furthermore, in many products metals will 
be replaced by plastics which are much less likely 
to be cut than formed. 

Modern materials for machine construction open 
up completely new parameters of power application. 
The power available in the five stands of mills in 
Fig. 16(c) is no less than 18,000 h.p. and it reduces strip 
of approximately 0.1 in. thickness, to 0.01 in. at an 
output speed of 5,000 ft. per minute. In the metal 
forming and extrusion fields, presses rated in 
thousands of tons will become commonplace. 

These are the prospects, the meeting of require- 
ments, the challenge. In the field of review, the 
satisfaction of demand itself demands economy : 
economy of effort and efficient deployment of skill, 
economy of material and economy of time. Since the 
beginning of the Industrial Revolution, production 
has grown up. If one regards the history of invention 
over the period, it might be suggested that the period 
was that of the Industrial Revelation. 

It is certainly the task of manufacturing production 
to apply what is revealed. It may perhaps say with 
Browning — 


“ Grow old along with me 
The best is yet to be.” 


I am indebted to the following for the use of their 


examples : 


Associated Equipment Co. Ltd. 


Bryan Donkin Co. Ltd. 


Metal Box Co. Ltd. 
L. Schuler, A.G. 


Steel Company of Wales Ltd. 


Vauxhall Motors Ltd. 
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Internal to the Firm 


by A. A. JACOBSEN, M.I.Prod.E. 


selection of case histories 


The number of case histories that could be written 
on the introduction of automation is very large indeed 
and careful selection to illustrate the theme of this 
Conference has been necessary. On the one hand we 
have some authorities arguing that all the elements 
of the fully automatic factory are discernible in the 
Stone Age flint factories and on the other we have the 
specialised study of the last decade, such as the 
Tinker Toy project. In this case the U.S. Navy 
Bureau of Aeronautics instituted a special study at 
some considerable expense to establish the economics 
and the technical practicability of automatic assembly 
of electronic units. Three broad comparisons were 
made and the figures were published. The results of 
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ECONOMIC ASPECTS OF AUTOMATION — 


this study were expressed under the following 
headings : 


(i) cost of production of conventionally designed 
unit produced by conventional means; 


(ii) cost of production of unit redesigned for auto- 
matic assembly but produced by conventional 
means; 


(iii) cost of production of unit redesigned for auto- 
matic assembly and produced by automatic 
assembly. 


Neither the flint factory at Grimes Graves nor the 
Tinker Toy project will serve our purpose today. The 
first was not well documented and the second, 
although well documented and valuable, was too 
remote from the pressures of every day industrial life. 
Accordingly case histories have been chosen which 
demonstrate typical situations in manufacturing 
organisations operating under representative condi- 
tions in recent years. 


ethics of case histories 

The writer of any industrial case history is in much 
the same position as a doctor taking the case history 
of a patient. His aim is to draw out and set down all 
relevant facts accurately, so that all who refer to it 
will have a true picture from which to draw conclu- 
sions and on which to base subsequent actions. 
Doctors and patients vary considerably. The doctor 
may not fully understand the patient. He may not 
have been present at previous operations. The patient 
is complex and always unique and often has a bad 
memory. The doctor may fail to draw out one or 
more important facts and he may get inaccurate 
answers from the patient. 

When he is involved in the treatment and in the 
interest of the advancement of science issues a Paper 
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and publishes the case history, then it is only fair to 
the patient not to disclose her identity. If she is still 
living her health may not be improved by learning 
of her true condition, If she is dead, then her relatives 
may be even more deeply concerned. 

Finally all case histories are taken in good faith, 
with the first object of helping the patient, the second 
of instructing the taker of the history and the third 
of increasing the general pool of knowledge. 

These case histories have been prepared on just 
these three principles and I shall ask your under- 
standing for any omissions or misinterpretations that 
may occur. 


the case histories 
history no. 1 


Continuous Production. The basic process is the spinning 

Wire Manufacture. of wire. The degree of automation 
is increased by adding a specialised 
monitoring device. 


history no. 2 


Mass Production. 
Light Assembly. 


The basic process is the assembly 
of a small electro mechanical unit 
at a rate of about 30,000 units a 
week. A number of operations are 
made automatic but adjacent and 
linking operations are not all made 


automatic. 
history no. 3 
Large Quantity The basic process is the making of 
Production. pressings for a precision mechanical 
Presswork. assembly. The press operations are 
automated. Other operations are 
not made automatic. The rate is 
about 24,000 units a week. 
history no. 4 
Small Quantity The basic process is the turning of 
Production. batches of components on specially 


Precision machining of designed lathes using automatic 
medium size turned control to give high repetitive 
components, accuracy. The rate of production is 
about 750 sets of parts a week. 
history no. 5 
Manufacture of Single This stretches the definition of 
Units. Heavy automation to the limit and deals 
Engineering. with the introduction of optical 
measuring devices to any engineer- 
ing works. 


CASE NO. 1 


The process on which this history centres had been 
running for many years. An output of tens of 
thousands of feet of a specially spun steel wire was 
obtained from a battery of several special purpose 
machines, each with a number of spinning heads 
corresponding to the number of layers of wire needed. 
The machines were all old and scheduled for replace- 
ment within three years with more advanced 
equipment then under design. The supply position 
was such that a night shift was essential and this in 
turn necessitated the use of male labour. Although 
the operation was automatic once the machines had 





been set, custom and practice had established a con- 
dition whereby one operator was in attendance on 
each machine; the technical basis for this arrange- 
ment being that a break undetected in one strand of 
wire resulted in either an expensive quantity 
of scrapped material, or if missed at a later inspection 
stage, failures in service. Thus the operator’s con- 
tinuous duty was to monitor the strands of wire 
feeding on to the main core. 

The cost of production was known and the specific 
problem was to obtain a reduction of cost in the 
shortest possible time without any substantial capital 
expenditure, in order to keep the price of the finished 
article competitive. The design was proved and any 
change was out of the question, and as the process 
was fundamental the only practical solution was to 
reduce the cost of the labour, by making the process 
fully automatic. 

From the factory’s point of view this would be an 
attractive approach as there were a relatively large 
number of men employed on these machines, earning 
a high bonus for a low real effort. 

Accordingly the problem was reviewed and a study 
was made of the engineering problems involved in 
making the process automatic. 

Previous attempts to use photo electric ceils had 
failed due to the fine gauge of the wire, and no 
practical alternative had been found. However, a 
nearby company specialising in control systems was 
consulted and the problem was examined by an 
expert who was conversant with all the latest develop- 
ments in sensing heads and the use of modern 
electronic equipment. He was confident that a solu- 
tion could be found and in a very short time a 
proposal was put forward. This was proved in a 
laboratory as being practical and a cost estimate for 
the equipment was drawn up. This showed that for 
a capital cost of less than £2,000 all machines could 
be equipped, and the probable saving in labour could 
be two out of every three persons employed. The over- 
head increase in spares and maintenance was 
estimated at less than £250 p.a. Thus, allowing the 
equipment a life of two years the gross saving would 
be not less than £10,000, provided that at least six 
persons were released from each shift. 

Authorisation was given for the work to be com- 
menced, and within six months the equipment was 
ready. It was installed without difficulty and without 
interruption to production. Discussions had taken 
place with the labour representatives and established 
that the men released would be moved to other jobs; 
this transfer worked smoothly. It is relevant to this 
study to note that in fact previously the operators 
were not fully occupied, but that all managerial 
attempts to negotiate a redistribution of duties based 
on work studies had failed, due to the technical point 
that there had been no change in the method. 

The standard costs were revised, the overhead 
budget amended, and it was immediately evident that 
the estimates of saving would be achieved. 

The most interesting effect of this successful appli- 
cation of an automatic method of control to a process 
was that the operators remaining on the machines 
successfully negotiated a bonus earning well above 
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that obtained elsewhere on the factory site for 
equivalent effort. The argument advanced was that 
the management was making a great saving in intro- 
ducing this change. They were also, as the “ first in, 
last out” principle had been used, the longest served 
operators, and when after two years this production 
section was closed down and these men were moved 
to other jobs yielding lower bonus, they felt badly 
treated. By the very nature of industrial growth these 
new jobs were products planned to run for a long 
period and in the end the men secured concessions 
in bonus and wage rates which would not normally 
have been granted. This was because their attitude 
reflected in the relevant negotiations and also because 
the management felt a sense of obligation to 
men who had not obstructed the introduction of a 
new process, and who had subsequently suffered a 
loss in their pay packets. 


CASE NO. 2 


This study deals with an assembly line producing 
each week several thousand small electro mechanical 
assemblies made up from laminated cores and 
windings. 

Production had grown with the demand for the 
final product from zero to 10,000 a week over a 
period of 10 years. The firm took an optimistic view 
as to future prospects and considered an output of 
30,000 units a week as a foreseeable requirement 
within a few years. 

This particular assembly accounted for nearly one- 
fifth of the end product cost, and as the industry was 
highly competitive it was vital that the lowest possible 
manufacturing cost compatible with the efficient 
functioning of the unit should be achieved. 

The position was examined by the firm’s senior 
production executives and after a_ preliminary 
examination they were given the broadest possible 
terms of reference to draw up a scheme for the manu- 
facture of the unit, redesigning where necessary, and 
using new equipment regardless of the plant already 
in service. The new unit was to be made on the same 
site and by the same labour. 

In due course the design for cheaper production 
was completed and proved electrically. Where possible 
production techniques were also proved, and on the 
basis of all the information obtained the capital cost 
was estimated and also the cost of production of each 
unit. It was apparent that a saving of at least 15°/, 
would arise and as the extra production was required 
authorisation was given for the work to be put in 
hand. 

This firm organised on the basis that a specialised 
production engineering department handled projects 
of a major nature. The local management of any 
factory site was responsible for running the produc- 
tion, and for engineering any moderate projects. The 
actual introduction of a new integrated assembly line 
with several improved processes was a joint exercise, 
with responsibility for successful operation of the site 
falling on the local management. 

The basis of the new assembly line, however, was 
not full automation. The product design had been 
simplified and a number of consecutive operations 
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had been made automatic. The movement of parts 
between each working station was controlled by a 
conveyor. A large labour force was needed to load 
and unload the assembly fixtures and perform the 
various manual operations. Even so, it represented 
a substantial reduction in the number of people 
required for the original line. 

With respect to the overall principles involved the 
production engineering department had worked with 
a ruthless regard for efficiency. The first principle 
was that work should flow non-stop from operation 
to operation; the second principle was that the 
distance travelled by each piece of material should 
be the shortest attainable. The final principle was to 
co-relate all movement to one conveyor line, so that 
if one stoppage arose at any point the effect would 
be instantaneous throughout the shop and a tremen- 
dous incentive would exist both to deal with the 
problem immediately, and in the long term to prevent 
any repetition of the trouble. 

The local management team understood the reason- 
ing behind this approach and considered it to be the 
correct basis for planning production, but they were 
apprehensive that the human problems would be 
troublesome and might even prevent the cost estimates 
from being achieved. 

In due course the equipment started to reach the 
assembly plant where a suitable shop had been laid 
out in readiness, and installation proceeded in 
accordance with the methods and principles planned. 
The development period went by without any 
significant difficulty as the project had been very 
well thought out, and it is necessary to record at 
this point that complete success was achieved in spite 
of the problems which are referred to in the following 
paragraphs. 

The operators settled down to the new line in all 
respects except to complain about the noise from the 
machines responsible for making the detail parts, 
which were placed next to the assembly point. The 
arguments grew so frequent and fierce that the noisy 
machines were removed from the shop and the parts 
were moved in skips to the assembly line. 

Then a mechanical failure occurred on a complex 
transfer machine designed to feed the line on a con- 
tinuous basis. The stoppage that ensued resulted in 
a return, at least for this machine, to the philosophy 
of holding a reserve of stock parts adequate to 
maintain assembly production for the period of any 
probable repair. 

Production was nursed up to the 80% level using 
the operators from the old line. These operators were 
accustomed to high bonus earnings arising from a 
high working effort, and as it was not practicable to 
lower earnings too radically on transfer to the new 
line, periods arose when certain operators would get 
paid very well, but would be working at a below 
average effort. When, as the line speed was advanced, 
the effort was increased these operators expected 
more payment. The very close interrelation of all 
operations made the work study engineers’ job of 
balancing the labour load at varying levels of produc- 
tion extremely difficult. One or two of the operators 
then grasped the idea that if only one small section 
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stopped, a total stoppage of work would follow 
throughout the shop. Thus those who saw a grievance 
with respect to their earnings were able quite easily 
to bring a dynamic type of pressure to bear on 
management. The earnings in this shop were already 
considerably higher than those elsewhere in the works 
and after taking positive steps to ensure that really 
good industrial relations existed in the department, 
changes were made to the set up which reduced the 
interdependence of each section of the line. Further 
where possible, conditions were established so that 
some operators could determine their own working 
pace without affecting the balance of the whole. 


All this took place over a period of years, and it is 
pleasant to be able to report that in the end the 
estimates were achieved, and that very happy 
industrial relations prevailed and that both the local 
management and the production engineering depart- 
ment grasped the need for working to each other’s 
principles to the fullest possible extent. 


The history should end here but there is one point 
that should be made. As the project was slowly trans- 
lated into reality other problems on other products 
beset the production engineering department and like- 
wise the local management, so that although the 
original project was really dated perhaps two years 
after conception, the fresh possibilities were not 
properly referred to the policy making levels in the 
firm. In consequence for two or three years the 
rate of development on the replacement assembly and 
associated techniques was extremely slow. 


CASE NO. 3. 


This study deals with the situation which arose 
when it was decided to replan the production of a 
sub-assembly made from a number of formed metal 
pressings. The accuracy with which the pressings 
were made controlled the smooth functioning of the 
sub-assembly and this in turn was an important 
feature of the final product. The Sales Department 
claimed that competitors had an advantage as smooth 
operation of the unit was a strong selling point. 


The sub-assembly had been produced for several 
years at a rate of about 12,000 units a week using 
separate presses for each operation on each com- 
ponent used. Assembly was relatively straightforward 
but involved a certain amount of hand fitting. 


The terms of reference for the change of 
production stated that an output of 24,000 units 
should be achieved per week, accompanied by a 
substantial reduction in cost. No reference was made 
to the need for an improved engineering product. 


The proposition put forward and accepted called 
for the retention of the existing design of the unit and 
for the use of a transfer press. The tools were to be 
supplied by the firm making the press. The blanks for 
feeding the multi-station press were to be taken from 
standard sheet produced to commercial limits and 
made in a separate press. The multi-station press was 
to be given five separate sets of tools so that each 
piece of the sub-assembly could be produced in turn. 





No special consideration was given to the problems 
of feeding the presses or stacking the resulting pro- 
duction. It was also considered unnecessary to plan 
the assembly in detail. 


Although the capital cost was high it was believed 
that a considerable saving would result in labour 
and work in progress and the Sales Department, 
knowing that a transfer press was to be used, expected 
an improvement in consistency of the product. 


In due course, the press was delivered and develop- 
ment began under production conditions. No special 
difficulties were encountered with the press or the 
tools, but the points that emerged from this applica- 
tion of automation were typical of many installations. 


The work in progress turned out to be far greater 
than had been forecast. Many more skips were 
required to hold the total quantity of production and 
separate provision had to be made for vertical stack- 
ing of the skips. This was due to the need to produce 
five different parts from the press. A run of adequate 
length was necessary to keep setting time within 
proper limits, and if this was established at seven 
working days, 35 days total stock was needed for 
five parts. Also, because of the possibility of break- 
down, 20 days stock had to be held in reserve. 


The activities of cutting the strip from sheet, 
feeding to the blanking press, stacking from the 
blanking press, feeding the transfer press and stacking 
production from the transfer press accounted for four 
more men than had been allowed for in the original 
estimate. 


The main problem arose from the mistaken under- 
standing that the material used would be supplied in 
consistent batches from the rolling mill. The material 
as it was made from a wide sheet varied considerably, 
in fact almost from blank to blank, and as the tools 
could only be preset to give an accurate form for 
one exact thickness the resulting pressings were 
inconsistent. 

The net result was that the hand adjusting 
previously used had to be reinstituted on assembly 
and some 10 extra persons were needed to ensure the 
required rate of production. This extra number of 
persons very considerably reduced the saving in labour 
resulting from the use of the press. 


Finally, the Sales Department were surprised to 
learn that a more consistent product was not being 
achieved as a direct consequence of the new automatic 
method. 

Subsequently and only after a much attenuated 
development period proper facilities were established 
to reduce the labour serving the presses, and the 
material was obtained to the correct degree of 
accuracy. The assembly labour was reduced and as 
the whole section settled down and inspection and 
setting techniques improved, better parts were 
produced resulting in a much smoother operation of 
the sub-assembly. Thus in the last analysis this pro- 
ject was successful, but only after a very heavy and 
largely unnecessary expenditure had occurred on 
development due to an inadequate engineering 
examination of the problems involved, 
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CASE NO. 4 


This study deals with the commencement of manu- 
facture of an entirely new product for the firm 
concerned. The design called for a unit built up from 
a dozen steel castings weighing from 4 lb. - 12 lb. 
each. The castings had to be machined to very fine 
limits, both along the axis and radially, and for 
technical reasons a material with poor machinability 
had to be used. The firm had no previous experience 
in machining parts of this type. 


The production engineers were in difficulty from 
the commencement, for the sales forecasts for the 
new product were completely hypothetical. The major 
preoccupation was to avoid any very heavy investment 
in capital equipment until the sales potential was 
proved, and a second objective was to keep the 
highest degree of flexibility possible in case design 
changes were found to be necessary. The first sales 
target announced was 200 units a week, and the pre- 
liminary investigation was based on this figure. 


The proposition decided upon was to use well 
designed heavy duty turning and boring lathes fitted, 
where necessary, with copying attachments and micro 
switches. The various operations on each piece 
would be controlled, that is, stopped arid started or 
positioned electrically, a special control board being 
used to give the instructions in sequence. The argu- 
ments in favour of this type of machine were 
numerous, and it was felt that the repetitive position- 
ing of slides and cutting tools by the hydraulic and 
electrical systems would result in the consistent 
achievement of the exact limits needed, in much the 
same way as the normal automatic lathe operates. 
Thus, the human operator with his inconsistencies 
would be removed from the scene and full control 
delegated to the machine itself. It was further 
reasoned as a result of this delegation that drawing 
limits which could not be maintained on a manually 
operated semi-automatic would now be achievable. 
This belief led to the elimination of several finishing 
operations which would otherwise have been added. 


It was decided to proceed with the appropriate 
number of machines to meet the sales forecast. After 
the machines had been ordered, the sales targets were 
revised upwards to 400 units a week, and as the 
manufacturing course had been set more similar 
machines were called for. Later, the Sales Department 
again revised the forecast and called for 750 units a 
week, and although this quantity warranted a 
different approach, the capital investment in the 
existing machines was so high that they could not be 
discarded and replaced by different equipment, in 
spite of difficulties which were arising from their use. 


At this stage it is interesting to note that normally 
this firm planned all new projects on the basis that 
the equipment provided should be adequate to 
achieve economical production and sales targets on a 
day shift basis. The inevitable rise in requirements 
that stemmed from production at the right price 
could then be met by the use of a night shift and if 
the growth continued, the period during which night 
shift handled the increased demand was used to 
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obtain radically improved equipment needed for the 
next manufacturing period. Unfortunately, in this 
case, due to the heavy capital investment required, 
this line of thinking had to be abandoned at the 
outset of the project. 


The machines were delivered and a long production 
development period ensued. The material suppliers 
in this case were not able to maintain their original 
expectations with regard to the limits on the castings, 
and extra material had to be removed by the 
machines. The cutting problems and swarf clearance 
problems were greater than had been foreseen and 
each operation had to be drastically replanned. 
Simultaneously, mechanical and electrical breakdowns 
confused the general picture, but all concerned 
worked steadily to achieve the originally estimated 
times and limits. This initial training and development 
period was far longer than had been expected and 
in due course stock was taken of the situation. For 
the battery of machines twice the predicted number of 
setters was required, and the down time due to 
setting was doubled. The number of operators was 
double that required for a conventional set of auto- 
matics, the rejection rate was far above that 
commercially admissible in spoiled material and 
rectification costs were also very high. 
The spares for the machines were costly and main- 
tenance costs were high and most serious of all, in 
spite of day and night shift, the output levels were 
not being achieved, so that a_ sub-contracting 
programme on to orthodox machines had to be 
instituted. This was in spite of carefully organised 
inspection procedures and incentive schemes. 


During this development period it had been vital 
to keep to the very close engineering limits for the 
components. As the product was being proved in 
service it was possible to increase several of the 
tolerances and this was done at this stage, thus 
reducing the rejection and rectification costs. 


Ultimately the sales forecast of demand proved to 
be too high for reasons outside the firm’s control, and 
the management was faced with making a completely 
fresh approach to this project. The fact that the 
lowest possible capital investment had been made, 
and that the machines were flexible enough to be 
used again, more than justified the production 
engineers’ approach. 


One aspect of this application was that the 
machines being used were themselves undergoing 
development : at the time of ordering it was believed 
that the machines and their control systems were fully 
developed. The other and more interesting aspect is 
the illustration in this case of the dilemma which can 
often arise when a new but untried process is intro- 
duced to a factory. The process may be advanced 
and therefore regarded with doubt by all concerned 
with operating it. The management has to induce an 
attitude that enables the personnel to overcome all 
the problems, if necessary over a lengthy period, and 
in time becomes conditioned itself to dealing with the 
problems. This leads to a situation where a process 
which may not be satisfactory is made to work by 
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sheer determination, when in the last analysis it would 
be better to recognise the truth, although the conse- 
quences for those responsible for recommending the 
process may be serious. 


CASE NO. 5 


Reference to the definitions at the end of this 
Paper will explain why this last case history has been 
included. Automation can exist with respect to a 
single operation and even only to the control element 
of that operation. The moment a function in any 
plant normally carried out by the human muscle or 
brain is delegated to a piece of equipment, then we 
can say with accuracy that we are increasing the 
general level of automation. 

The setting for this very simple and general story 
is one of the Midlands cities immediately after the 
last War. The management had decided to establish a 
heavy engineering works capable of producing a wide 
variety of machinery, most of which demanded a high 
degree of precision bearing in mind the size of the 
plant involved. The local labour force on the site was 
to be utilised to the fullest degree in spite of the 
fact that it was accustomed mainly to the rough 
machining of billets and steel plates. 


routine for the introduction of automation 


ACTIVITY 


A very thorough review of all the factors involved 
in production had been made and all the important 
features had been dealt with, including sales outlets, 
product design, suitable machinery, cranes and equip- 
ment and sources of supply of basic material. A strong 
inspection force had been established to ensure the 
quality of the work and the foremen who had been 
transferred with the existing labour had adjusted 
themselves, not without difficulty, to surrendering 
some of their powers to the new authority. 


It was in this setting that the management decided 
to survey the country for the latest optical devices 
for measuring and setting of machinery. A survey 
was made and authorisation was given for the pur- 
chase of measuring equipment and optical setting 
devices for the machine shop, the assembly department 
and the inspection department. For the machine shop 
an alignment telescope was supplied, suitably adapted 
for the quick setting of the boring bar steady relative 
to the spindle of the boring machine. The assembly 
department and the inspection department were 
provided with optical devices which, through the 
use of prisms, enabled right angles to be measured 
with great accuracy, and parallelism of surfaces to be 
established. A suitably obvious show case was made 


STATEMENTS 
(Reflecting or 
controlling activity) 





Stage 1 


Original Production Situation 
Situation at start of history 





Routine cost statements 


Current cost of production 
from original situation. 














Stage 2 Forecast of firm’s 


requirements 
Recognition and appraisal of 


situation and preparation of terms 
of reference as basis for action 


Terms of reference (basic) 


Outline of engineering solution. 
Forecast output limits. 

Approx. capital costs. 

Time planning. Approx. unit 





costs. 








Stage 3 Assessing profit and 


authorising 


sanctions and instructions. 


Planning whole proposition with 
detailed estimates. Preparation of 





Terms of reference 

(Budgets and Instructions for 
Implementation) 

Budgets cover: engineering; 





capital; ancillary equipment; 
development and start up costs. 





Stage 4 Implementation of 


automation 
equipment; development; 


production to final stage. 


Covers engineering ; production of 


installation and start up: taking 


Unit costs. 








Routine statement of cost of 
implementation 


Normal accounts statements 





against budgets 








Stage 5 ; wtws 
Final production situation 
Operation of the automatic 
process on a settled basis. 








Routine cost statements 


Final cost of production arising 
from automatic process. 
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for the equipment when not in use so that all con- 
cerned would be reminded of the existence of the 
newer methods of measuring. 

It must be reported that in a large sense this intro- 
duction was successful. Some time was wasted 
learning to use the new equipment and often the 
traditional method was employed in preference. It 
did achieve one object, however, in that it helped 
to inculcate a new attitude towards the problems of 
measurement and accuracy in the newly formed 
works, and provided a stimulant in thinking with 
regard to this aspect of production which proved 
valuable in later years. 

The point then, in this case history, is that a change 
in a method which constitutes a radical departure 
from previous practice may be worth while in itself 
for the effect it has on the thinking throughout the 
whole organisation. Its value cannot be measured in 
savings per piece produced, and the observer cannot 
any more than the management make a real assess- 
ment of the effect achieved. 


These case histories were selected from a large 
number with the object of illustrating typical effects 
which may be caused by the introduction of some 
degree of automation. In preparing this Paper and 
reviewing the results of other studies, it has become 
increasingly clear that the firms that consistently 
achieve the best results insist on exact terms of 
reference being generated at each important stage. 
These terms of reference cover sales forecasts, 
engineering propositions both for product and equip- 
ment, estimates of capital and unit cost with 
unmistakable clarity, and stand as separate documents 
as part of the normal accountancy routine employed 
within the firm. 

To conclude this Paper, reference is made to an 
attempt to set out in graphical form a typical routine 
for the introduction of automation shown on the 
preceding page, and the set of definitions already 
referred to, which have been prepared to clarify the 
use of certain terms in the case studies. 





DEFINITIONS RELATIVE TO TERMS USED 


As five widely different case histories are described 
in this Paper, the following definitions are given so 
that we may have an agreed meaning for the terms 
used relative to engineering production, namely : 


> 


“Operation ”; “ Production”; ‘“‘ Automation ”’. 
>] > 


Operation 


An operation is a concise element of work and 
consists of either moving, forming, finishing or 
assembling material. Each operation requires : 


1. the application of force; 


2. the guidance and control of that force from 
start to finish. 


Production 


Production is the combination together of a number 
of operations to effect all the changes required to 
the material, with the end object of increasing its 
utility to the community. 


Automation 
Automation may be relative to one operation or to 
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a number of operations in sequence, or to all the 
operations involved in any given situation. 


Automation Relative to an Operation 


The condition where the machine (as opposed to 
human muscle) provides the total force, and (as 
opposed to human brain) provides the complete 
guidance and control of that force from start to 
finish. 


Automation Relative to a Number of Operations 


The condition where the equipment (as opposed 
to a human agency) provides the means whereby a 
number of the operations are combined together in 
sequence to provide a number of changes to the 
material in process. 


Automation Relative to all the Operations 


In the extreme case this is the automatic factory. 
Full automation exists when all the operations 
required to effect a given change are such that the 
force and control is fully supplied by the equipment 
and all the operations are controlled in their correct 
sequence without the intervention of a human agent. 
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1’ presenting this Paper the authors do not intend 
to deal with the theories of fabrication, either in 
design or welding considerations. These aspects have 
been the subject of many previous Papers and 
publications, and have been well covered. The 
intention, then, is to report on the practical considera- 
tions of production that are based on production 
experience. 


Great strides have been made in the techniques of 
production, since the first aluminium pressure vessel 
was fabricated by hammer welding, and with the 
advancements in welding brought about by the inert 
gas shielded arc processes many of the difficulties of 
fabrication have been overcome. 


The inert gas tungsten arc welding process was 
introduced into the United Kingdom from the U.S.A. 
in 1943 by the Ministry of Aircraft Production, and 
was in general use by 1946, following a B.W.R.A. 
Symposium on the Welding of Light Alloys in that 
year. The inert gas metal arc process was introduced 
in 1952, although certain inconclusive research work 
had been carried out in this country before that date, 
and the original patents are dated 1949. Although 
these processes enable the manufacturer to weld much 
thicker materials under conditions that were not 
possible by gas welding, they do in_ themselves 
present problems. 


One of the difficulties encountered in these methods 
is the shrinkage and distortion that can occur, which 
calls for a very high degree of skill in the assembly 
of components. This is particularly important where 
the final form, or shape, or the position of fitments is 
required to be a high dimensional standard. 
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MATERIALS TABLE |! 


Extract from BSS 1470/1477 
CHEMICAL COMPOSITION (per Cent.) 













































































Alloy Aluminium | Copper | Magnesium | Silicon Iron | monganes Chromium | Titanium | Zinc Max. 
{ SIA 99:8 min. | 0-02 max. — 0-15 max.| 0-15 — _ — _ 
SIB 9S ss 0-05 _,, 0-3 ~,, | 0-4 max. | 0-05 max. — — _ 
-) | 99 0:10 ,, _ OS 4 OT as i is _ _ 0-1 
BS1470 < NS3 Remainder | 0-15 ,, — OO « Tet is 1-0-1-5 — 0-2 max. 0:1 
NS4 0-10 ,, | -8-2-7 6. ~ POF «a 0-5 max. 0-5 max. | 0:2 ,, 0-1 
| NSS 0-10 ,, 30-40 | 06 ,, | 07 ,, i ee OS ss O2 4 0-1 
L NS6 0-10 , | 45-55 |06 , |07 , |10 , 105 , | 02 ,, 0-1 
{ PIA 99-8 min. | 0-02 — 0-15 0-15 — _ _ _ 
| PIB 99-5 ,, | 0-05 ~ 0:3 0-4 0-05 a one we 
| 
BS1477  < PIC 99 és 0-10 a 0:5 0:7 0-1 _ 0:1 
| 
| NP4 Remainder | 0-10 1-8-2-7 | 0-6 0:7 0-5 0-5 0-20 0-10 
[ NP5/6 0-10 3-5-5:5 | 0-6 0:7 0:5 0:5 0-20 0-10 
TABLE 2 TABLE 3 
MECHANICAL TEST REQUIREMENTS. MECHANICAE TEST REQUIREMENTS. 
SHEET. Extract from BSS 1470 PLATES. Extract from BSS 1477 
0-1% proof Tensile Elongation on 
Alloy Tensile Strength | Elongation on 2” | Bend Test Alloy Plate Thickness | stress min. | strength min.| 2” or 4¥A* 
Tons/Sq. in. Per Cent. (Min.) (in.) tons/sq. in. tons/sq. in. | min. per cent. 
SIA-0 5-0 max. 35 180° Flat 
$1B-0 60 ,, 30 pS PIA-M | 0-253” to I” incl. — 3-5 30 
SiCc-O 63 4» 30 > PIB-M | 0-253”tol” ,, _ 40 30 
NS3-0 75. x 30 a PIC-M | 0-253”tol” ,, 45 30 
NS4-0 11-14-0 18 “ NP4-M | 0-253” to}” ,, _ 12-0 12 
NS5-0 14-0 min. 18 s NP4-M | 0:5” tol’ ,, _ 12-0 15 
NS6-0 7) ., 18 = NP5/6-M} 0-253” to |” ,, 8-0 17-0 12 
NP5/6-O} 0-253” to |” ,, 7-0 17-0 18 
Bend Test applies to materials up to and including |2 swg. 


Elongation Test applies to materials over |2 swg. 


It is, however, possible to produce pressure vessels 
in aluminium and its alloys by methods which com- 
pare very favourably with those in use on ferrous 
vessels, and which are in many cases being 
manufactured to the B.S. 1500 and ASME Codes. 

The lack of a Code dealing specifically with 
aluminium pressure vessels has been the subject of 
much discussion, and indeed has been the subject of 
several Papers. A skeleton for a British Code does 
exist in the various British Standards and the specifi- 
cations of Ministry departments, together with other 
official or semi-official bodies. 

This need may shortly be satisfied, for an 
Aluminium Pressure Vessel Code is now the subject 
of consideration by a British Standards Committee. 
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* For round test pieces only. 


materials 

Metals chosen for pressure vessel application in 
the chemical and atomic energy fields are usually 
selected from the following grades : 


(a) pure aluminium; 
(b) aluminium - 14°, manganese alloys; 
(c) aluminium magnesium alloys. 


The chemical analysis, and mechanical properties, 
of the most commonly used of these alloys, are shown 
in Tables 1, 2 and 3. 

Apart from specialised fabrications for the chemical 
industry pure aluminium is used extensively in the 
atomic energy fields, because in common with other 
light alloys it is not greatly affected by nuclear 
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hombardment. Aluminium has a thermal neutron 
absorption cross section of about 0.22 barns, which is 
low compared to that of other metals, and neutrons 
tend to pass through, rather than be absorbed by, the 
material. 

The potential radioactive hazard from aluminium 
is low as its half life, or the time taken to lose half 
its radioactivity, is very short and is in the region 
of two minutes. Because of this property aluminium 
can be placed in the heart of the reactor, and its 
efficiency remains high as it offers so little resistance 
to neutrons, “ Windows” may be provided in this 
material which enable irradiation experiments to be 
carried out. 

The material is virtually unaffected by contact with 
pure ordinary water or heavy water, used as cooling 
and moderating media in some types of reactor. 

For nuclear energy work, the copper content of 
the material must be closely controlled in order to 
maintain the high level of corrosion resistance of the 
aluminium, copper in the order of .01% - .02% 
maximum being usually acceptable. 

Filler wire materials normally used in the welding 
of the various alloys are shown in Table 4, and as 
can be seen it is usual for the pure grades of 
aluminium to be welded with a filler wire of like 
composition. The non-heat treatable alloys are being 
increasingly used for pressure vessel work, and details 
are given later in this Paper of vessels manufactured 
in NS6 and NP5/6. 

The mechanical properties of aluminium generally 
improve at lower temperatures, which makes it 
attractive for the storage of liquids at sub-zero 
temperatures. 

The designer may also use castings and forgings 
to construct his vessel and although these may be 
somewhat limited in the sizes in which they are 
available, this can be overcome by welding segments 
or sections together to form larger components. 


material control 

It is essential, in order to satisfy the requirements 
of the various inspection authorities normally 
employed on this class of work, that strict control be 
maintained on all materials used. 

The usual requirements are that: 

(a) materials must be ordered against a recognised 
specification and should be supplied with certi- 
ficates covering the physical and chemical 
properties ; 

(b) these certificates must be endorsed at the 
material supplier’s works, by the inspecting 
authority concerned, when he inspects and 
releases the materials; 

(c) the materials are again identified against their 
respective test certificates by the authority con- 
cerned, after receipt at the manufacturers and 
before their release to the shops; 

(d) where several items are cut from one sheet, the 
sheet should be marked out, and the identifica- 
tion marks transferred in the presence of the 
inspector before the sheet is cut; 


TABLE 4 
SELECTION OF FILLER RODS. 








Alloy Welded to Filler Rod to 
BSS 1475 
99:8% IA 99:8% IA 99-8% GIA 
99-5% |B 99-5% |B 99-5% GIB 
99% IC 9% IC 99% GIC 


Any PureGrade | Al-13% Mn. N3 Al-1£% Mn. NG3 
Al-Mg. N3. N5. N6 Al-5% Mg. NG6 
Al-Mg.-Si. H9-H20. H30} Al-12% Si. NG2 
Al-14%Mn.N3| Al-14% Mn. N3 Al-I£% Mn. NG3 
Al-Mg. N4. N5. N6é Al-5% Mg. NG6 
Al-Mg.-Si. H9. H20.H30} Al-12% Si. NG2 


Al-Mg. 
N4. N5. N6é Al-Mg.-Si. H9 Al-5% Mg. NG6 
N4. N5.N6 N4. N5. or N6 NG6 

















(e) all identity marks must be preserved through- 
out all operations—rubbings of identities may 
be taken, and the marking transferred after 
machining or cutting has been carried out; 
the identification marks should _ preferably be 
transferred by lightly mechanically etching 
them on to the parts in question; 

the identities thus preserved are entered on to 
a material record form, to be in the Inspection 
Folder of the completed vessels. 


(f 


— 


— 


(g 


In many cases the inspecting authority may apply 
this rigid control to pressure parts of the vessels only. 

The use of ultrasonics should not be overlooked on 
the inspection of raw materials and, indeed, many 
inspecting authorities insist on this check being 
carried out at the supplier’s works, before accepting 
the material, to ensure that it is free from flaws and 
laminations. 


cleaning 

Cleanliness is of paramount importance when weld- 
ing aluminium alloys. 

(a) Working Area. It is advisable to allocate a 
working area restricted to this class of work 
only. This working area must be kept free from 
all grease, swarf metallic filings and concrete 
dust. The floor should be cleaned twice daily 
only, a vacuum cleaner being used in preference 
to a broom, especially if welding is in progress. 
Neither grinding nor polishing must be carried 
out in or adjacent to this area. If mild steel 
or copper are being welded in the same shop 
then it should be arranged that this be done some 
distance away; this is particularly important 
when the pressure vessels are to be used for 
certain chemicals such as high purity hyrogen 
peroxide. 

(b) Weld Preparation. The weld preparation should 
be well scraped and scratch-brushed, using 
stainless steel wires, immediately before welding. 
The brushes used should be kept for this work 
only. If there is grease contamination present 
this must also be removed. The practice of 
swabbing the weld preparation with liquid tri- 
chlorethylene or carbon tetrachloride for this 


= 
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Fig. 1. Butt welded test coupon 





Fig. 2. Liquid oxygen vessel 
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(c) 


(d) 


purpose is not recommended. Cleaned work 
should not be handled before welding without 
the use of gloves. 


Welding Rods and Filler Wires. All filler rods 
for argon arc welding must be cleaned by 
dipping in a dilute solution of caustic soda, 
rinsed in hot water, dipped in a dilute nitric 
acid solution, re-washed in hot running water 
and then thoroughly dried by heating. The 
recommended dilution is approximately 10°, by 
volume. If these processed filler rods have not 
been used within 12 hours, then they must be 
re-cleaned. Welding wires for argonaut welding 
should be kept in the cases supplied by the 
manufacturers until required for use. It is also 
advisable that these should be stored in a warm 
atmosphere to prevent any risk of moisture due 
to condensation. All electrodes, filler rods, and 
welding wires must be free from grease, and 
careful handling to prevent this contamination 
is important. 


Preparation, Welding preparation should be 
made by machining or routing which gives a 
smooth clean surface free from crevices and 
burrs, which could form traps for dust and dirt. 


The use of chipping tools and grindstones should 


be avoided. As far as the form the weld pre- 
paration should take, though one can generalise 
on most butt and fillet welds, it is policy to 
establish the method on test pieces before com- 
mencing work on the actual components. 


welders’ tests and the approval of welders 

The welding method and procedure to be adopted 
on this class of work is decided by the welding 
specialists of the company, and a trial is made, usually 
of approximately 3 ft. in length. This procedure test 

















piece is radiographed and the results compared 
against the specified standard, before cutting to pro- 
vide tensile and bend specimens as required by the 
code of construction. 

The test piece, if successful, is accepted as both a 
procedure test and as a welding test, for the particular 
welder who carried out the work. 

Any number of welders may then be approved on 
the same welding procedure, by making individual 
test welds in the thickness of material representing the 
job. The test plates for a welder’s test may be limited 
to approximately 12 in. in length. 

After the initial test any of the approved welders 
who have completed a successful weld may be 
employed on the workpiece, using the procedure in 
which they were approved. It is necessary for any 
one welder to pass several different tests where he 
is employed on different procedures on any one job. 

The approval lasts for varying periods according 
to the code of construction, and may vary from one 
test each 12 months (providing he is continually 
employed on the same class of work) to a test every 
two months regardless of this provision. 

Should a welder fail on a retest he should be 
removed from the work, and given additional train- 
ing, if necessary, until he is able satisfactorily to pass 
once more. Certain cases of construction, or inspection 
requirements, are very strict on this point, and may 
require the welder to wait one month before retaking 
his test. 

Fig. 1 shows a typical welder’s test coupon, and 
the method of cutting this to carry out the necessary 
mechanical tests. 


design and fabrication of an aluminium alloy 
pressure vessel, for storage of liquid oxygen, at 
a working pressure of 800 Ib. per sq. in. 


The vessel about to be described is shown in Fig 2, 
and is one of a batch of eight manufactured in the 
alloy NP5/6. The body of each vessel consisted of 
four plates each 1? in. thick, which were rolled and 
welded into two belts of 2 ft. 6 in. inside diameter. 

These were formed by rolling into half cylinders, 
with an allowance of 3in. of “straight” left on 
each edge to facilitate rolling. The half cylinders were 
then planed to size and edge prepared, with a suit- 
able shrinkage allowance left on. 

The welding of the two half cylinders was carried 
out by the inert gas welding process. The root run 
was made by the inert gas tungsten arc process, and 
the filler runs by the inert gas metal arc process. 
Fig. 3 shows the typical weld preparation. 

Because of the cost of reeled wire and the problems 
of distortion that arise when large amounts of weld 
metal are deposited, experiments are continuously 
being carried out on the thicker materials to reduce 
the angles shown in this sketch. Radiography was 
carried out at the root run stage, and again after the 
completion of the weld. 

Two cylinders were then turned to length, and 
edge prepared. By using the same welding methods 
they were joined together to form one cylinder 
2 ft. 6in. inside diameter, approximately 5 ft. long. 
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Fig. 3. Typical weld detail — Double operator inert gas 
tungsten arc technique employed on root run inert gas 
metal arc on filler runs 
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Fig. 4. Sectional elevation of oxygen vessel 
(scale: 1 in. = 1 ft.) 
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Fig. 5. Boss in position before welding Fig. 6. Boss welded and machined 








Fig. 7. Boss welded and machined 
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The top of the vessel was formed from an alloy 
forging, welded to a short spherical skirt. At the 
lower end the vessel was closed with a completely 
hemispherical end, manufactured from a circle and 
segments. Fig. 4 shows the completed vessel and the 
form of manufacture. 

Various fittings were required on each vessel to 
accommodate the level gauges and outlets, and in 
all cases these were required to be free from crevices. 
Figs. 5, 6 and 7 illustrate the methods adopted. 

For attaching the various cover plates and fittings, 
austenitic stainless steel studs were used, with an 
interference fit in the vessel. 

In view of the duty for which these vessels were 
required, special precautions were necessary to ensure 
that every item used in their construction was com- 
pletely free from grease. To conform with this require- 
ment and to ensure that no damage was done to the 
threads in the vessel, the following procedure was 
adopted to the fitting of the studs : 


1. studs were frozen in an insulated container of 
“Dryice” for a period of up to eight hours. 
On the larger studs of 14 in. Whit. size, suffi- 
cient shrinkage occurred to overcome the 
interference ; 


2. studs and holes were then treated with a 
lubricant consisting of a molybdenum disul- 
phide powder, mixed with industrial alcohol; 

3. the studs were next inserted into their respective 
holes, and driven home by a powered torque 
wrench, set to a predetermined load. 


After all fitting had been completed, the vessels 
were tested with a hydraulic pressure of 1,200 p.s.i. 





The cleaning process, before despatch, consisted of 
washing with caustic, followed by a nitric wash before 
finally cleaning with distilled water. 


the fabrication of a reactor core tank in 99.8°/, 
purity aluminium 
Materials 

The materials used in the construction of this vessel, 
shown in Fig. 8, were 99.8°/ purity aluminium to 
B.S. 1477 P1A, B.S. 1470 S1B and B.S. 1476 E1A for 
the shell, with a permissible copper content of 0.01°/, 
maximum, Tubes under 6in. bore were in 99.8°/ 
aluminium to B.S. 1471 T1A with a maximum copper 
content of 0.01°4. Tubes 6in. and over in diameter 
were manufactured in 99.5%, purity aluminium to 
B.S. 1471 T1B with a maximum copper content of 
0.05°/,. The fuel element nozzles were made in HE9 
material and the location sockets in NE5M to 
B.S. 1476. 


Welding Processes 
Inert gas tungsten arc process. 
Inert gas metal arc process. 
Radiography 
Vessel fully radiographed on all butt welded seams. 
Welds not radiographed to be penetrant dye tested. 


Inspection 


By customer at manufacturers’ works to B.S. 1500. 

Materials were ordered and bonded as previously 
described in this Paper. Welders were tested and 
approved by the inspection authority before com- 
mencement of the fabrication. 


Fig.8. Aluminium reactor core tank in foreground 
(Merlin type reactor in background) 
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Fig. 9. Aluminium reactor core tank 
(scale: }in. =1 ft.) 
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method of fabrication 

Fig. 9 shows the general arrangement of this vessel, 
and designates the sections into which it was divided 
to suit the particular needs of the manufacturing 
plant available. As can be seen from this sketch, 
the true datum from which all major dimensions are 
given is the underneath side of the top flange. This 
was obviously not convenient from a manufacturing 
point of view, especially as the flange was finally 
machined as almost the last operation. 

It was decided, therefore, to create a temporary 
datum line approximately 1 ft. below the spun bottom 
end. This datum line was in fact a large MS plate 
of approximately 14 in. thickness, which was marked 
out to give the correct angular position of the major 
items of the vessel. 

Four pedestals were welded to the lag radius of 
the tank to support the vessel during its manufacture. 
Fig. 10 shows the first section in position on its 
template, and the new datum line. 
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The first operation in actually constructing the 
vessel was to spin the bottom of the vessel which had 
been fabricated from two semi-circles. This was 
carried out on a mechanical spinning machine. At 
the same time the header plate was turned to its 
correct diameter, and its supporting members 
manufactured. 

The header plate was then welded into position in 
the spinning and the assembly mounted on_ its 
template. (Stage 1, Fig. 10.) Seven holes were next 
bored through the doubling plates and spinning to 
accommodate the three inlet pipes and the four outlet 

ipes. 

Short lengths of 12%in. O/D and 93in. O/D 
tubes were next welded into position in these holes, 
the assembly having been removed from the template 
for this operation. 

All welds were checked for cracking, using the 
penetrant dye and developer process, before the 
assembly was set back on the template for machining. 





Fig. 


Fig. 








Details of Aluminium Reactor 
Tank 


Fig. 11. (right) Detail of header chamber 
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Fig. 10. Welding during Stage 1 of fabrication 





1. face top of header plate; 


2. bore and tap the 26 holes to accommodate the 
fuel element nozzles; 


3. turn the top edge of the spinning to length and 
prepare the edge for welding. 


Whilst this work was in progress the fabricating 
shop were manufacturing the three belt sections of 
the vessel, and the main flange. 


Main Flange 


This was made up of forged segments welded 
together and machined. Approximately 3 in. was left 
on the top side, and on the underside of this flange 
for finally machining to size after completion of all 
welding. 


Top Section 


This comprised a belt of $in. thick aluminium 
6 ft. 7in. dia. X approximately 2 ft. long, manu- 
factured from two plates 10 ft. 6in. X 2 ft. 


Heavy Shielding Section 
The heavy section was made from two plates 


10 ft. 8in. long X 2 ft. 6in. wide and 1} in. thick. 
These were formed into a cylinder 6 ft. 8 in. outside 
diameter and welded. 


Lower Section 


Two 11 ft. long X 5ft. 4in. wide X }in. thick 
plates were rolled and welded to form the lower 
section cylinder. 
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Fig.14. Aluminium reactor core“tank 





Fig. 15. Aluminium reactor tank packed for transport to 
Australia. The wooden base on which the framework 
stands becomes the bottom end of the packing case 
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assembly of sections 


The top section and heavy section were machined 
to length, leaving suitable shrinkage allowances for 
the welds, and edge prepared. 

The lower section was machined at the bottom 
end only, and its edge prepared to suit the dishing. 
An allowance of approximately 4 in. was left on the 
length of this belt, to enable it to be machined after 
all tubes had been welded in and before joining it to 
the top half of the vessel. 


The top half of the reactor was then made up by 
welding the flange to the top section and by welding 
this assembly to the heavy section. Welding the lower 
section belt to the dishing completed Stage II and 
presented the vessel as two sub-assemblies. 

A heavy steel reinforcing ring was bolted around 
the top end of the lower half of the vessel to give 
rigidity for the subsequent operations. 

Using the template, the holes for the sleeves, which 
located the various beam tubes, were bored and edge 
prepared. The sleeves were formed from | in. thick 
plate in two halves, finished machined on the outside 
diameter and rough bored on the inside. 


The tubes were then welded in using the edge 
preparations shown on the drawing (Fig. 13). After 
these welds had been satisfactorily inspected for 
cracks by penetrant dye, the sub-assembly was re-set 
on the large lathe and its length reduced to the 
drawing size, plus a suitable weld shrinkage allowance. 


Before this machining operation could be carried 
out, a very detailed inspection check was necessary to 
determine the “ best” dimension to machine to. This 
was necessary: (a) in order that the flange would 
have sufficient machining allowance left on either 
side to clean up to the drawing size; (b) to bring 
the beam and through tubes into drawing tolerance; 
and (c) to bring the header plate, or rather the tops 
of the fuel element nozzles, into drawing tolerance. 


As could be expected, even with all the attention 
given to the fabrication, some welding distortion had 
occurred which made the calculating of the length to 
suit all conditions and tolerances virtually impossible. 
Advantage was taken in machining the length of the 
fuel element nozzles to bring these into their correct 
position, and thus removing one of the “fixed” 
dimensions. 


The final body weld was then made and 
radiographed. 

By setting the complete vessel mounted on_ its 
template in a horizontal position, with the template 
bolted back to the face plate of a large lathe, the 
final machining operations on the flange were carried 
out. 


The flange end of the vessel was supported by 
means of a “spider’’, in turn supported from the 
tailstock of the lathes. 


drilling of top flange 


It was necessary to align the drilling template on 
the top of the vessel, with four location holes bored 
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in the base template, and this was carried out by 
means of an optical alignment telescope. 


The alignment operation is a somewhat tedious 
business. It is essential to keep the temperatures of 
the shop in which this type of work is carried out 
reasonably constant, or quite alarming results can 
occur. 


It is interesting to note that during one of these 
alignment operations the temperature in the shop 
was allowed to fall by approximately 15°F, and due 
to the construction and method of heating the shop 
the temperature was not uniform throughout. The 
errors of alignment increased rapidly, as_ the 
temperature fell, but returned to their original state 
after the temperature was restored. 

Having aligned the drilling template it was securely 
clamped in position and a small pillar drill mounted 
on it, to drill the pilot size holes. 


The template was then removed and the holes 
opened up to their correct diameter. 


Testing 
The completed vessel was tested as follows : 
1. 10 p.s.i. hydraulic pressure 
2. 10 p.s.i. air pressure 

with the open end suitably blanked off. 


Cleaning 


Cleaning was carried out by _ caustic/nitric/ 
demineralised water washes and the vessel inspected 
for cleanliness afterwards by wiping with soft tissue 


paper. 


the fabrication of a regenerator in NP5/6 material 


Figs. 16, 17 and 18 show the main construction 
details of this vessel, which if viewed with the photo- 
graphs of the regenerators (Figs. 19 and 20) do give 
a reasonable impression of the methods used in 
fabrication. 


The ends were manufactured from two semi-circles, 
welded together by an automatic welding process, 
and then “spun” into dishings. 


One end was from 1,°, in. thick, and the other end 
was from 1,°,in. thick material. The ends were 
finally machined down to a nominal! | in. thick, at 
the brims, and edge prepared as shown. 

A manway outlet was necessary and was fitted 
with a compensating pad, the details of which are 
also shown in Fig. 18. 


Cleaning methods were similar to those previously 
described, and the vessels were subjected to a 
150 p.s.i. hydraulic test followed by a 100 p.s.i. air 
test. 


conclusion 


In describing the fabrications detailed in this Paper, 
there must of necessity be some sections that could 
with advantage be further expanded. It is felt, how- 
ever, that sufficient detail is given to allow those 
interested to assess some of the difficulties and 


Aluminium Alloy Regenerator 
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Fig. 16. Regenerator 











Fig. 17. Typical weld preparation 


























Fig. 18. Detail of manway reinforcement 
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Fig. 20. 


problems that are encountered on this class of work. 

The authors wish to express their thanks to the 
Directors of the A.P.V. Co. Ltd., Crawley, for per- 
mission to publish, and to their colleagues for the 
assistance and encouragement given to them during 
the preparation of this Paper. 
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Figs.19 and 20. Aluminium alloy pressure vessels of the 
regenerator type 
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TRAINING FOR THE EFFICIENT 





OST industrial manufacturing and _ processing 

organisations employ an executive whose specific 
job is to worry about quality. The title afforded this 
person varies from one concern to another; the 
modern trend is to have a Quality Director or 
Manager, although many companies have preferred 
to enlarge the scope of the Chief Inspector’s function 
to fill the need completely. The traditional Chief 
Inspector was merely concerned with administering a 
department which was fully employed in looking for 
defects. It has long been realised that looking for 
defects after a part has been made is an admission 
that you are not sure of what standard of work you 





Mr. Holmes, a Quality Engineer, has been 
responsible for designing and operating quality 
training programmes in companies allied to 


the motor industry. 
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CONTROL OF QUALITY 


by J. HOLMES, A.M.I.E.I. 


are producing, and that this is a very expensive way 
of trying to control quality. Today, all efforts are 
directed at controlling the quality of the things we 
make whilst they are being made. 


These executives, these “men of quality”, are 
interested in all functions concerned in the manu- 
facturing sequence, design, planning, production, 
handling, transport, etc.; they are concerned in seeing 
that the problems of creating and maintaining quality 
receive the maximum degree of attention at every 
stage. They are more concerned with the prevention 
of defective work than the mere apprehension of it. 
They frame policies which are designed to achieve 
efficient control of quality, and these policies must 
inevitably include the use of some statistical 
techniques. 


the prime enemy 

The obstacles to successful quality control are 
many, but towering above all, dwarfing the fallibility 
of machines and materials, is the attitude of peoples’ 
minds. In all departments from the highest to the 
lowest, apathy will be found to be the prime enemy 
of quality. Much of this apathy will be found to stem 
from a genuine belief that quality is the concern of 
the other man, that the individual’s particular effort 
has no effect on the prevention of defects and 
maintenance of good standards. 

The primary task facing a Quality Manager or 
Chief Inspector wishing to implement a progressive 
quality control policy is to bring about a change of 
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heart. He must convince his colleagues and all 
employees that quality does matter and that they are 
personally concerned with the problems associated 
with it. Everyone must become quality-conscious and 
understand how effective control of quality can be 
achieved. This task is one of mass communication and 
will obviously respond more rapidly to a systematic 
approach rather than a haphazard one. There are, 
in fact, two distinct parts to this problem. Firstly, to 
explain and convince all employees of the importance 
of quality, to see that all have a clear understanding 
of the customer’s quality requirements and the Com- 
pany’s policies which are designed to enable these 
requirements to be met economically. Secondly, to 
spread an appreciation, and in some instances give 
actual training, in the theory and use of any statistical 
techniques which are destined to be used for quality 
control purposes. 


choice of approach 


The approach to this problem will naturally be 
influenced by the size of the manufacturing unit 
concerned and the numbers of people employed. For 
the purposes of this article, attention will be focused 
on the methods which could be applied by a 
company large enough to employ a member of their 
senior staff to work full-time on this. exercise. This 
does not infer that smaller firms are excluded from 
taking action in this field; it does mean that they 
would have to scale down their activities and would 
probably require quality training to be carried out 
by a member of the staff on a part-time basis. 


After having decided to institute a quality training 
programme, the first requirement is to appoint an 
individual to plan and operate it. This individual 
must have senior staff status and be directly respon- 
sible to the quality executive. He must be an engineer, 
enthusiastic about the problems involved in quality 
engineering, and possessing a sound knowledge of 
the basic principles of statistical quality control. 
The status afforded to this man is important, because 
he will be involved in lecturing to all levels of 
management as well as to works’ employees. 


allocation of space 


What space will need to be allocated for this 
programme? It is envisaged that training will be 
carried out with small groups of personnel, a maxi- 
mum of 12 in a group. The reasons for this are two- 
fold; small groups cause less disruption to production 
and certain aspects of this training are more effective 
when the size of the group being trained is relatively 
small. The requirement space-wise is quite modest : 
a conference room or a classroom in the education 
department will suffice. One company, which has 
accomplished much in this field of quality training, 
do in fact use a caravan which has been fitted out as 
a conference room for this purpose. 


Fig. 1 shows the general form of the training 
programme. The courses which have been designated 
A, B and C are not necessarily intended to be 
executed in that order; local requirements will dictate 
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the way the programme is presented. It can be seen 
that the three courses consist of lectures, the contents 
of which will now be summarised. 


COURSE A. This particular talk must be designed 
to show firstly, that quality matters both from the 
company and national aspects. There is never any 
shortage of evidence that can be called for on this 
score, and newspapers and customers’ letters can be 
used to make the point. Next, it must show how 
quality is the personal responsibility of everyone in 
the organisation. Instances can be highlighted where 
the various departments have been responsible for 
quality failures. For example, cases where drawing 
limits have proved to be unnecessarily tight, where 
inadequate planning has caused defects, where 
purchasing have placed orders with sub-standard 
suppliers and where work has been damaged by rough 
handling. The object is to show that all departments 
can and often do cause poor quality work. 


Next, the company’s policies can be explained and 
it can be shown how they are designed to prevent 
quality failures. It must be proved that efficient con- 
trol of quality does not require “empire building ” ; 
that if it can be successfully introduced it is a means 
of reducing the numbers of people involved in non- 
productive work. The framework for successful quality 
control is already in existence; all that is required is 
that people should be more conscientious. 


This lecture will first have to be presented to the 
senior management, so that they are convinced of 
its usefulness, and that advantages are to be gained 
by presenting the talk to the rest of the employees. 
Subsequent lectures will be given to foremen, 
designers, planners, buyers, etc., right through the 
family tree to setters, operators and _ inspectors. 
Wherever possible it is a decided advantage to 
arrange the groups of employees so that there are 
representatives from all departments in each group. 
This arrangement will stimulate discussion and 
inevitably serve to underline the lesson that everyone 
is responsible for quality. 


Many people will leave this type of meeting having 
discovered for the first time that the company is 
seriously concerned with quality and that they are 
expected to do something about it. 


There is another form that Quality Appreciation 
discussion can take, and one which will show 
immediate benefits. A senior designer could be asked 
to prepare an analysis of one of the company’s 
products so that he can describe and demonstrate 
its functioning and its design problems to a mixed 
meeting of planners and supervisors from all depart- 
ments. The actual talk need last only 20 minutes; the 
discussion and questions which will inevitably follow 
will be the valuable aspect of the exercise. At the 
next meeting a senior planner could analyse the 
planning of a specific product with a similar group 
which this time would include designers. The meetings 
need not, and indeed could not, be held too 
frequently, the important thing being that they 
become a continuous feature of the company’s 
activities. 
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Where it has been tried, very considerable advan- 
tages have been gained from this type of training. 
Once again the widespread responsibility for quality 
is demonstrated, but also very useful knowledge is 
gained by all concerned in these meetings. In this 
form it would be necessary to limit attendance at 
these talks to technical staff and supervisors. 


COURSE B. This consists of simple instruction 
given to works employees in the importance and func- 
tioning of the company’s products. This is an effort 
to interest the “button pressers”’, “lever pullers ” 
and “trolley pushers” in the things they help to 
make, to induce a pride in workmanship and a sense 
of responsibility. 


There is a very widespread belief held by manage- 
ment that all employees on the shop floor are only 
interested in pay day and that the end product is of 
no consequence to them. A belief held by other 
managers is that works employees acquire a reason- 
able knowledge of their products in the course of their 
normal work. Both of these beliefs are erroneous. 
Although isolated exceptions will be found, it can be 
stated with complete conviction that : 


(a) in modern industry the operators, setters, 
inspectors and other works personne] have very 
limited knowledge of the nature and importance 
of the things they help to make; and 


(b) there is a very strong and natural desire 
amongst the majority of employees to have a 
reason for being proud of the things they make. 


If the latter point cannot be accepted, it is an 
admission that little or no reliance can be placed 
on the human factor in improving and maintaining 
quality standards. This could be quite disastrous, as 
we are, and will be for many years to come, 
dependent upon the human factor in controlling 
quality in our workshops. 

Here is a very useful activity which should be 
operated as a continual process. Works employees 
should attend short talks on the company’s organisa- 
tion and products. The talks should be arranged so 
that they occur infrequently but continuously; it 
would be a mistake to organise a series of concentrated 
lectures on this subject. The idea behind this train- 
ing is not to impart detailed knowledge but simply to 
instil a sense of belonging, a sense of responsibility. 
What is required here is good strong medicine 
administered in very small doses over a very long 
period. Supervisors will be surprised at the effect such 
training will have on an employee's attitude towards 
his work. 


COURSE C. The third course in this programme is 
concerned with providing training in_ statistical 
techniques. A company which uses or intends to 
extend the use of statistical quality control is faced 
with two distinct training problems. One is to train 
the specialists, the people who must originate control 
schemes and specify procedures; and the other is to 
train the very large numbers of employees who are 
going to be required to use, and therefore understand, 
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these techniques. The former problem will involve a 
comparatively small number of people and the 
necessary training is best provided by one of the 
education authorities which run residential courses 
on the subject. The training concerned in the latter 
problem can be carried out as a part of the proposed 
quality control training programme. 

A large percentage of employees will need appre- 
ciation talks on this subject. For example, planning 
engineers will need to know the basic principles of 
statistical quality control as they will be meeting 
the various technical terms associated with the 
subject, and will, once the systems have been estab- 
lished, have to specify the use of standard control 
procedures. Foremen, setters and inspectors will 
require quite detailed instruction on the subject to 
ensure that they are convinced of the usefulness of 
the various charts and sampling schemes employed. 
Operators will need to have the control charts 
explained to them and be shown that the charts are 
designed to help and not hinder. 

The presentation of this particular subject lends 
itself to clear and easy demonstration with the aid 
of quite inexpensive equipment, all of which can be 
“office made”. The basic equipment needed consists 
simply of a device which will illustrate variability and 
another which will demonstrate sampling theories. 
The mechanics of this type of apparatus are well 
known. 


Appreciation talks on this subject can, when backed 
up by well produced hand-outs, satisfactorily cover 
the subject in 90 minutes. When the more detailed 
training is needed it will be necessary to organise a 
course within a course. At least four two-hour 
sessions will be required in order to pass on sufficient 
knowledge to enable people to use intelligently the 
statistical control schemes in the shops. 

The training programme so far described consists 
of lectures and demonstrations reaching out to 
individuals. There is no end to this programme, 
although certainly its momentum will relax as 
Courses A and C are completed. From this time on 
the quality training could probably be organised by 
a person on a part-time basis without impairing the 
value of the programme. It should be realised, how- 
ever, that in many companies it will take a number 
of years to reach this point successfully. 


the written word 


There is now to be considered the other approach 
to quality education, the approach of mass appeal 
through the written word. Many companies have 
already published small booklets on quality which are 
distributed to all employees, and some companies 
operate quality poster campaigns. Both these 
methods have their value, both have their dangers. 

A booklet, if purely an appeal to conscience, might 
be read once and cannot be republished with any 
useful effect for a considerable period. If it is to be 
useful it must be compelling in its presentation and 
contain sufficient information to ensure that it is 
retained for reference from time to time. Only larger 
companies will be in a position to appropriate the 
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necessary funds to produce a booklet having the 
required attributes. 


Education by poster is a tool which is within the 
reach of all industrial organisations. The danger here 
is stagnation. One cannot compete with a book in the 
content which can be put over but it is possible to 
compel people to read a poster by imaginative design. 
If posters are changed or moved in a “ follow the 
leader ” fashion through the shops, the campaign can 
be made to live and a great deal of useful propaganda 
broadcast. This method of urging the control of 
quality can be quite cheap; indeed, a poster campaign 
involving 12 different posters which are continually 
moving and gradually being changed can be operated 
at a cost of below £15 per annum over a period of 
five years. The contents of posters should be as local 
as possible, with quality trouble spots highlighted and 
possible danger spots pointed out. 


cost and savings 


What is the cost of a quality control training 
programme? What savings would it bring? A training 
programme by itself will not save money—on the 
contrary, it will cost money. It is the adoption of the 
policies of which the programme is merely a part 
which will effect savings. The amount which can be 
spent on training will depend upon the estimated 
savings resulting from the successful adoption of 
an effective quality control policy. The form and 
intensity of quality training required will vary from 
one firm to another according to the factory size, 
the product and many other factors. An examination 
of the failure quality costs in one’s own firm will 
indicate the amount of training which is necessary. 
Companies who have instituted quality training have 
proved it to be an essential step in making progress 
towards fully integrated control of quality. 








From: W. T. Jackson, A.M.I.Prod.E. 


Quality Management 


It was stimulating to read the article by Oliver 
Lawrence in the October Journal, particularly as it 
appeared currently with the President’s admirable 
article: “A Time for Greatness ”. 

It is my opinion that the first requirement to 
increase productivity is to control logically the course 
of product design and development to the stage where 
production drawings are proved for utility, 
appearance and cost. 

The writer does, of course, acknowledge the 
importance of design and development and also the 
necessity of somebody asking the questions. I think 
that this cannot be too strongly emphasised and also 
that the questions should be asked of the right people 
at the right time, namely, all those concerned with 
production and the selling of the product, during the 
design and development stage. 


From: Francis B. Willmott, M.I.Prod.E. 


Wage Demands 


In spite of (or because of) exhortations which cause 
irritation, wage demands after “ The Little Budget ” 
are most likely to be intensified beyond a mere shred 
of experiency to urgent necessity! Exhortation is fast 
becoming a by-product of weakness and a sign of 
ineptitude in dealing with a situation rationally. 


Letters to the Editor 


This is not intended to convey the impression that 
the wage demands are justified, but rather to 
emphasise the futility of saying “ No”, and later on 
giving way. This happens all too frequently, with 
the result that a new crop of demands usually occurs 
after conceding a previous one: it becomes a habit. 


There is only one basis for increased pay, and that 
is when the economy of the undertaking can afford 
to pay. Today, with costs already too high and ever 
increasing, the ability to pay does not truly exist 
unless it be related to increased work and production. 


The Common Market 


The time has come to recognise that in the event 
of becoming an active member of the Common 
Market, we shall assuredly benefit in unity and con- 
cord with other nations, in a bond and chain of 
circumstances linked to free trade. Sovereignty as 
such may well be minimised but not destroyed, 
because the shedding of any influence will be pro- 
portionate in the category of each nation caught up 
in this unique trading scheme. 


The character and disposition of a race of people 
can never be entirely obliterated but only changed 
superficially which, in practice, will not be a bad 
thing, for it could weaken the too powerful and reflect 
strength in the weaker. This in sequence could foster 
better and more harmonious relationships between 
nations. 
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THE 1961 SUMMER SCHOOL 





Interrelation of Work Study, Ergonomics, 


Operational Research and Cybernetics and 


Their Application to Production Engineering 


HE Institution’s Summer School for 1961 was 

held at The College of Aeronautics, Cranfield, 
and ran from 29th August to Ist September. The 
theme was “The Interrelation of Work Study, 
Ergonomics, Operational Research and Cybernetics 
and their application to Production. Engineering ”’. 
Over 100 students attended the School as residential 
guests in the fine quarters on the campus at the 
College and were welcomed by the Principal, 
Professor A. Murphy. 


The School was formally opened by the President 
of the Institution, Mr. Harold Burke, who referred 
briefly to the seriousness of the national and inter- 
national situation. The industrial progress of Great 
Britain was compared with that of other countries, 


showing Britain to be behind the U.S.S.R., U.S.A. 
and West Germany; and the very real point made 
that unless the science of management changes rapidly 
in this country, it may be too late. 

In introducing the first speaker, Dr. J. E. Faraday 
(Imperial Chemical Industries Ltd.), Professor J. 
Loxham (Head of the Department of Production and 
Industrial Administration, Cranfield), made passing 
comment to the fact that now, more than ever before, 
the professional institutions should work together with 
the aim of maximising the use of national resources. 

In this opening address, Dr. Faraday set the tone 
for the School by firstly defining the respective terms. 
In two of these four the term “ money ”, “ costs” or 
“economics” was quoted, and Dr. Faraday put 





Mr. A. G. Simms demonstrating in the Operational Research Laboratory 
at The College of Aeronautics 
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An interested group in the College’s modern Ergonomics Laboratory 


forward the conclusion that production engineers and, 
in fact, any engineer is in principle at least a 
manager. As a manager, the engineer must be an 
expert in the two fields of management; the science 
and art. As far as the science is concerned these 
techniques help the manager to make quantitative 
decisions and the lecturer concluded by stating that 
the integration of these techniques by chronological 
use is the application of scientific method to 
management. 


The speaker on Work Study, Mr. G. P. Wade 
(Engineering & Allied Employers’ West of England 
Association), introduced his talk by offering the 
suggestion that the basic aim of work study is to 
optimise the use of resources. Much of the material 
was historical, but the speaker did make the point 
that work study action is largely remedial and not 
so often original. 


Mr. Wade opined that this state of affairs was 
not really desirable, but that work study principles 
should be used at the design stage of the product. 
The students readily realised the limitations of “ rate- 
fixers’ and many agreed that the use of stop watches 
on the floor did not pose as serious a problem as 
many might believe. 

The speaker also suggested that the Work Study 
Department might be considered as really part of 
the management function which specialises in human 
relations, and that its future activities might include 
liaison between the operational research specialists 
and the shop floor. 

It was rather interesting to note that a denial of 
this hypothesis was put forward by the speaker on 
operational research, Mr. A. G. Simms (The College 
of Aeronautics). He felt that the operational research 


specialist in fact looked at a much broader picture 
than the work study man and aimed at total optimi- 
sation rather than sub-optimisation. Further, the 
operational research specialist, by virtue of his 
training, is in a much better position to realise the 
implications of decisions on both a short and long 
term basis, including both the economic and social 
aspects. 

Mr. Simms briefly referred to the concept of model 
building and the testing and verification involved, 
but he emphasised that operational researchers did 
not make decisions, but merely collected and 
interpreted data. 


Again, unfortunately for the work study practition- 
ers, their cause was mildly criticised by the speaker on 
ergonomics, Mr. W. T. Singleton (The College of 
Aeronautics), who indicated the necessity of broadness 
of concept for management workers. In defining the 
subject the speaker said that in common with growing 
techniques, their meaning tended to change over 
time because of new developments. 


Ergonomics is the theory of servomechanisms, 
information and communications and Mr. Singleton 
freely used block diagrams to illustrate the principles. 
These block diagrams consisted of men and machines, 
but the speaker made the point that the most 
important part was the link between these commodi- 
ties. Thus the ergonomist needs to have a knowledge 
of functional anatomy, physiology (in the mechanical 
sense) and psychology (mental studies). 

The speaker concluded by showing the results of 
static ergonomic studies on such things as instrument 
dials, and inferred that with more study in the field 
of dynamic ergonomics this would become an 
optimisation technique in its own right. 
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Contrary to the ergonomist’s point of view, the 
speaker on cybernetics, Dr. E. Edwards (The College 
of Advanced Technology, Loughborough), said that 
the matter of his subject dated back at least to the 
change from Roman to Arabic numerals. It was easy 
to infer from this that cybernetics rather specialises, 
at least in its better known use, in the detailed theory 
of information. 


Dr. Edwards went on to explain “ distortion” in 
systems and the importance of “language” and 
“codes and rules”. There followed a rather lengthy 
discussion on the basis and advantages of binary 
number systems and their application to computers. 
This, of course, introduced some words on data 
processing and thus closed the circle in interest for 
the production engineer. 


Mr. A. E. De Barr (The Machine Tool Industry 
Research Association), in his remarks included a 
very interesting historical exposition of the machine 
tool industry, and pointed to the newer trends and 
the attention which production engineers and 
designers must give to such things as vibrations and 
feed-back control systems. He also pointed to what 
might be considered an exponential cost increase in 
producing “ quality”’ machines, but felt because of 
the past history of the industry it was desirable to 
continue along these lines. 

The School closed by considering some sociological 
problems of production engineering, and the lecturer, 
Dr. T. Lupton (The College of Advanced Technology, 


Birmingham), indicated that psychology was a 


changing study dependent upon the society to which 
it is applied. He also made the point that the desires 
of labour and management are precisely the same, but 
that labour is frustrated in its desire to “ get on with 
the job” because of poor organisation on the part 
of management. 

The speaker then went on to consider three basic 
types of organisation; bureaucratic, traditionalistic 
and charismatic, and that further, production 
engineers by installing job specifications establish 
what might be called an unsatisfactory, bureaucratic 
system. 

In concluding, Dr. Lupton indicated that this 
problem, at least in its present state of development, 
was very difficult to solve but that at least an 
awareness of the facts by all concerned would be a 
tremendous start. 

The Chairman, Dr. T, U. Matthew, then invited 
general discussion on the School as a whole and 
Professor Henderson (Melbourne University) stressed 
the importance which Australian Universities and 
industry are placing on operational research and 
advanced decision-making techniques. 

Other guests at the School included: Mr. E. J. 
Bell (The Victoria Electricity Commission, Australia) 
and Mr. H. Sutton (H.M.1., Ministry of Education). 

General thanks were also expressed to Professor 
Loxham for his part in the organisation, and to him 
and Mr. Seymour Hills for the most interesting 
demonstrations arranged in the respective laboratories. 


W.S.H. 





Members listening to Mr. Horton, of The College of Aeronautics, 
in the Work Study School 
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It is hoped that this Study will be the first of a 
series conducted in industry by the Technical 
Department of the Institution. The Study is not a 
complex one, and the method is very well known, 
but the important point is that the analysis is 
quantitative: that is, it deals with figures and facts 
and reaches a factual conclusion. 

This new service is open to any firm, and manage- 
ments are urged to submit their problems for 
consideration. Further, in order that members of the 


MANAGEMENT STUDIES 


Institution may study problems which they would not 
otherwise meet in their own particular industry, it 
is hoped that they will volunteer to serve on small, 
short-life Sub-Committees to consider these very 
problems. In this way, both firms affiliated to the 
Institution and individual members may take the 
Opportunity to help in solving not only their own 
difficulties but also those of industry as a whole, and 
thereby make a real contribution towards improving 
the nation’s present economic situation. 

W. S. Horwood 


Economic Life Determination 


HIS exercise is an examination of the economic 

life of five-ton Morris table top trucks. They were 
bought in 1952 and operated by a large city and 
surburban truck firm. It is to be emphasised that the 
method is equally applicable to any other item of 
capital equipment. 


the vehicle replacement policy 


There does not appear to be any precise method 
of determining when a vehicle should be replaced, 
and every known approach has certain limitations. 
Some users advocate the “drainage” policy, i.e.. 
they take the view that as long as a particular 
vehicle operates at some sort of reasonable cost they 
are not faced with the problem of finding additional 
capital, or alternatively, can put available capital 
to other use. Their attitude is to drain every penny 
from the vehicle whilst it will operate without regard 
to its re-sale or trade-in value. This system appears 
to have little scientific basis. 


There are other users who believe the “break-point” 
policy is the answer. Under this method it is 
suggested that when the total operating costs of a 
vehicle are at their “minimum” then replacement 
should be considered. In arriving at the “ minimum ” 





A CASE STUDY 


operating cost figure, fuel, lubricants and tyres, being 
of a reasonably non-varying nature, are ignored and 
only the initial cost of the vehicle, together with the 
maintenance costs, are used. The initial or investment 
cost will decrease as mileage increases, and this is 
called the depreciation function. 


The more usual situation, however, is that of a 
chain of machines, where the outgoing are continually 
replaced by incoming items. In this case discrete 
values of time will be used in a tabular solution for 
the minimum cost of the investment. 


lt is easy to deduce that : 


(14a)? 
Present cost C, -[» —S(T) + = 8] ' 


jl 1+i)T—1 
B = Total installed cost (present value) 
S(t) = Depreciation function (at present 
time) 
Et = Maintenance expense function (at 
present time) 
T = Life of equipment 
= Number of years elapsed 
t = Annual alternative interest rate. 


Where 


(Equation 1) 
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it 
263 
422 
604 
95 
1,081 
1,360 
1,565 


Cost 





MEANS 


Mileage 
6,929 
13,368 
20,633 
27,687 
33,379 
38,889 
43,732 
49,240 





Cost 
97 
251 
475 
614 
743 

1,017 

1,281 

1,470 





TRUCK 8 


Mileage 
7,793 
14,543 
20,624 
27,644 
33,494 
39,535 

45,610 
50,465 





Cost 
160 
300 
435 
562 
774 
868 

1,040 

1,287 








TRUCK 7 


Mileage 
7,409 
14,572 
22,517 
30,053 
36,930 
41,449 
46,747 
52,385 





Cost 
332 
Stl 
646 
815 

1,100 

1,299 

1,522 





TRUCK 6 


Mileage 
8,014 
15,227 
22,439 
29,921 
34,362 
38,805 
44,427 


50,585 





67 
171 
304 
572 
732 
981 
1,201 
1,400 


Cost 





TRUCK 5 


Mileage 
5,200 
11,825 
19,495 
26,306 
32,245 
38,455 
43,250 
50,000 





TABLE | 
TABLE OF MAINTENANCE COSTS 


126 
281 
403 
668 
845 
1,416 
1,530 
1,663 


Cost 





TRUCK 4 

Mileage 

6,564 
12,420 
19,938 
26,704 
32,889 
38,325 
41,560 
45,101 





Cost 
202 
357 
512 
797 

1.128 

1,297 

1,657 
1,796 





TRUCK 3 


Mileage 
7,669 
14,215 
21,723 
28,836 
34,793 
41,577 
45,814 
50,846 





Cost 
77 
225 
353 
416 
766 
963 
1.051 
1,247 





TRUCK 2 


Mileage 
6,037 
11,726 
18,817 
31,949 
36,959 
41,595 
47,685 


26,141 





Cost (£) 
79 

187 
386 
560 
806 
1,006 
1,812 
2,133 





TRUCK | 


Mileage 
20,026 
25,986 
30,374 
36,011 
40,912 
46,813 





PERIOD 
June 30 1952 
to 
June 30 1953 
June 30 1953 
June 30 1954 
June 30 1954 
to 
June 30 1955 
June 30 1955 
to 
June 30 1956 
June 30 1956 
to 
June 30 1957 
June 30 1957 
to 
June 30 1958 
to 
June 30 1959 
June 30 1959 
to 
June 30 1960 


June 30 1958 









































depreciation 


The depreciation has been computed 
by collecting prices quoted by the many 
second-hand truck dealers in the city. 
These are the prices which these dealers 
would pay, and thus represent true values 
to the company if they were selling. No 
prices quoted by advertising sellers have 
been used since these are inflated by the 
seller's mark-up. 


assumptions 


1. The data has been arranged to calcu- 
late the economic life directly on a time 
basis, instead of a mileage basis. This has 
been done to simplify computation, and 
it is considered a reasonable assumption 
on the grounds that each truck’s yearly 
mileage, total mileage, and costs are fairly 
close over each year. 


2. Administrative costs and direct over- 
head varies with the size of the fleet, and 
has been charged at 5% of maintenance 
cost, on the recommendation of the 
Company. 


3. The maintenance charges have been 
corrected to present values by the use of 
the retail price index. The “ All Groups ” 
index has been used (based on 1939 as 
1,000), which includes food and groceries, 
rent, clothing and miscellaneous. It is 
believed that this follows closely the 
average wage and thus indicates labour 
charges fairly accurately. It is doubtful 
whether materials used in maintenance 
follow the same series, but since these 
charges are not specifically available, the 
whole adjustment is at least pessimistic. 
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CORRECTED VARIABLE MAINTENANCE COSTS 


TABLE 2 



















































































Cost per Mile Mean Cost Retail Correction Corrected 
Mean Mean Cost per Year plus Price Factor Maintenance 
Mileage (é) (é) 5% O/H Index (Present Wth.) Cost per Year 
6,929 117 0169 123 2,550 3,052 149 
2,550 
13,368 263 0227 276 2,622 3,082 324 
2,622 
20,633 422 0220 493 2,644 3,082 517 
2,644 
27,687 604 0258 634 2,758 3,052 710 
2,758 
33,379 951 “061 999 2,885 3,082 1,067 
2,885 
38,889 1,051 0236 1,136 2,920 3,082 1,200 
2,920 
43,732 1,360 0577 1,429 2,992 3,082 1,471 
2,992 
49,240 1,565 0372 1,642 3,082 I 1,642 
TABLE 3 
TABLE OF DEPRECIATION VALUES 
MODEL PRESENT WORTH 
Dealer 
No. 
1952 1953 1954 1955 1956 1957 1958 1959 1960 
| 150 200 225 250 625 750 900 925 1,495 
2 100 100 125 200 625 700 750 900 1,495 
3 75 75 125 200 450 550 650 850 1,495 
4 100 110 125 150 450 475 550 650 1,495 
5 75 125 125 250 350 450 550 650 1,495 
Mean 100 122 145 210 500 585 640 795 1,495 
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TABLE 4 
TABULAR SOLUTION 
i 2 3 4 5 6 
j)T 
x (I + i) Cc 
T na = 8 S(T) (2) — (3) + (I) (+ it—l (4) x (5) 
= 
| 149 1,495 795 849 7-675 6,500 
Cc 
2 324 1,495 640 1,179 4-120 4,850 
3 517 1,495 585 1,421 2-921 4,150 
4 710 1,495 500 1,705 2-335 3,990 
5 1,067 195, 210 2,352 1-982 4,680 
6 1,200 1,495 145 2,550 1-760 4,500 
7 1,471 1,495 122 2,844 1-595 4,546 
8 1,642 1,495 100 3,037 1-481 4,552 
Ca 
4. All fixed costs associated with maintenance (iv) Taxation: Comprehensive and third party 
expense have been ignored, as this will move the insurance — Constant. 
total cost a and will not affect the (v) Tyres: About the only cause of excess wear 
ey ae F would be worn king pins, and/or shock 
(i) Petrol: This is regarded as fixed since the absorbers, and in 50,000 miles the failure of 
variation due to different operating conditions either ‘of these would be rare. Thus tyre cost 
(e.g., city or suburbs) is far greater than that is regarded as constant. 
due ¥ wear, and the Company uses only a 5. The alternative interest rate has been fixed at T 
prarnenti 15%,, which is the external dividend paid by the No. 
(ii) Oil: The consumption follows roughly : Company for the last five years. Since trucking is by was 
lst year — 1 pint per 1,000 miles. far the most important (financially) section of the cury 
2nd year — 2 pints per 1,000 miles. business, and the Company is about 99°/, public 
3rd year — 3 pints per 1,000 miles. owned, this rate of 15% as an alternative investment 
‘ to trucking seems reasonable. conc 
Thus rate of increase = 1 pint per 1,000 miles each 1 
year extreme cases Wi 
= 6 pints per year increase There seems little point in getting cost per mile — 
=6 X 1.2 shillings = 7.2 for all trucks and time periods, since it is unrealistic pease 
shillings per year. to use these values selected from more than one ey 
me er : ; truck to make extreme cases. Instead, an effort has ’ 
This is a negligible percentage of total maintenance been made to select two trucks with : first 
cost increases per year and is thus neglected. ; ; . . of th 
Bs) (i) lowest mileages with highest costs; be « 
(ili) Grease : Constant. (ii) highest mileages with lowest costs. vehi 
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CORRECTED MAINTENANCE COSTS FOR EXTREME CASES 
















































































TABLE 5 
Corrected 
Mileage ; Cost Cost plus Correction Factor Maintenance Cost 
(£) S% O/H per Year 
6,750 79 83 3,082 101 
2,550 
12,413 187 196 3,082 231 
2,622 
20,036 386 405 3,082 472 
2,644 
Case (1) 25,886 560 588 3,082 657 
2,758 
30,374 806 846 3,082 904 
2,935 
36,011 1,006 1,058 3,082 1,119 
2,920 
40,912 1,812 1,900 3,082 1,960 
2,992 
46,873 2,133 2,237 | 2,237 
TABLE 6 
Corrected 
Mileage Cost Cost plus Correction Factor Maintenance Cost 
(é) S% O/H per Year 
7,409 160 168 A 203 
14,572 300 343 Ss 403 
Case (ii) 22,517 435 456 531 
30,057 562 590 A 661 
36,930 774 812 B 868 
41,449 868 910 .e) 961 
46,747 1,040 1,090 Vv 1,127 
52,385 1,287 1,359 E 1,359 




















Truck No. 1 was found to suit case (i) and truck 
No. 7 to suit case (ii). The procedure for computation 
was now repeated for each case, and the total cost 
curve sketched. 


conclusion 


1. Although graphs have not been drawn, it can be 
seen from Table 4 that the lowest total cost occurs 
somewhere between three and four years. Had the 
graph been drawn, we would have found this to be 
3.67 years and this occurs immediately prior to the 
first rebore and would be approximately at the end 
of the second set of tyres. This intuitively then would 
be one of the most economic points to sell the 
vehicle anyhow. Using the two extreme cases as in 


Tables 7 and 8 the minimum costs occur at 3.33 and 
3.9 years, so that these do not affect the decision 
substantially. 


2. This model has been computed using the time 
basis instead of the mileage basis, and the validity of 
this assumption with regard to accuracy could be 
questioned. In this case, the decision to work on the 
time basis has been taken because most of the vehicles 
cover the same mileage in the same time with roughly 
the same costs (Table 1). The actual variance of 
economic life has been calculated as nearly as possible 
by taking the two above-mentioned extreme cases, 
although clearly had the problem been worked to its 
ultimate conclusion, we would have calculated on a 
mileage basis of each truck. 
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TABULAR SOLUTION FOR EXTREME CASES 














































































































Case (i) 
TABLE 7 
! 2 3 4 5 6 
7 (I+ it c 
T ong 8 S(T) (2) — (3) + (/) C+ =I (4) x (5) 
! 101 1,495 795 801 7-675 6,150 
2 231 1,495 640 1,086 4-120 4,480 
3 472 1,495 585 1,382 2-921 4,050 
4 657 1,495 500 1,652 2-335 3,860 
5 904 1,495 210 2,189 1-982 4,330 
6 1,119 1,495 145 2,469 1-760 4,340 
7 1,960 1,495 122 3,333 1-595 5,315 
8 2,237 1,495 100 3,632 1-481 5,390 
Case (ii) 
TABLE 8 
! 2 3 4 5 6 
’ +7 C 
T = & 8 S(T) (2) — (3) + (I) (+ i)tT=—71 (4) x (5) 

/ 203 1,495 795 903 7-675 6,940 
Z 403 1,495 640 1,258 4-120 5,190 
3 531 1,495 585 1,441 2-921 4,215 
4 661 1,495 500 1,656 2-335 3,861 
5 868 1,495 210 2,153 1-982 4,265 
6 961 1,495 145 2,311 1-760 4,065 
7 1,127 1,495 122 2,500 1-595 3,990 
8 1,359 1,495 100 2,754 1-481 4,083 











3. The fleet operated by this Company is quite large, 
and if it were sold en masse too often it could depress 
market values and lead to new depreciation function, 
and in this case lead to a different economic life. 
However, in this case, with a probable resale cycle 
of four years this condition is not likely to arise. 


4. If the depreciation curve were drawn from Table 
3 it would be seen that between 1955 and 1956 there 
occurred a marked step in the graph. This is due to 
the Morris Company becoming part of the British 
Motor Corporation, with a consequent slump in 
second-hand prices, This discontinuity of depreciation 
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function could have had serious effects on the 
solution had we not used a “step-wise” solution. 
That is to say, if Equation 1 had have been integral 
and not discrete, the discontinuous function would 
have presented difficulties. 


5. It is important to realise that over a period of 
time money inflates, thus the use of some form of 
index for labour charges is necessary. It would have 
been possible to use a discounting procedure here, but 
the different results would probably have been only 
fractional. 


Mr. 
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Mr. W. G. Bennett, M.B.E., Member, has accepted 
a new appointment with Messrs. Sanderson Brothers 
& Newbold Ltd., Sheffield. This follows his retirement 
last April from the post of 
General Manager of the 
Holman subsidiary company, 
Maxam Power Ltd. He was 
previously Technical Direc- 
tor and General Manager 
of The Climax Rock Drill 
and Engineering Co. Ltd., 
which was acquired by 
Messrs. Holman Brothers in 
1958. Mr. Bennett, who 
went to Cornwall from 
Glasgow in 1930, was a very 
early member of the Corn- 
wall Section and is a Past 
Chairman. He was a very active Committee Member 
and during his years of office presented many 
technical Papers to the Section. A presentation has 
been made to him by the Cornwall Section Chairman, 
Dr. K. Farnell, in appreciation of his long service to 
the Section. 


Mr. P. Bhattacharji, Member, has recently joined the 
Board of Saxby & Farmer (India) Private Ltd., 
Calcutta. He was formerly with Burn & Co. Ltd., 
Howrah. 





Mr. C, Ellis, Member, has been appointed Deputy 
Managing Director of Edward Pryor & Son Ltd., 
Sheffield. 


Mr. W. G. Mackenzie, Member, has been appointed 
to the Board of Telephone Cables Ltd., Dagenham, as 
Works Director. 


Mr, V. E. Shute, Member, is now Works Manager of 
Appleby Edmonds Ltd., Birmingham (formerly 
Joseph Appleby Ltd.). 


Mr. H. R. Stansfield, Member, has left the United 
Kingdom to take up an appointment with David 
Brown Greaves Private Ltd. for three years. 


Mr. E. L. Tuff, Member, 
Director and General Man- 
ager of Projectile and 
Engineering Co. Ltd., has 
recently been appointed 
Deputy Managing Director. 
He has been with the Com- 
pany for 30 years, and was 
formerly General Manager. 











news of members 


Mr. G. Ronald Pryor, Hon. Member and Immediate 
Past President, is the Chairman of a new Company 
to be known as Edward Pryor Developments Ltd., 
which will devote its activities to the design of auto- 
matic marking machines and ancillary equipment. 


Mr. D. Foulger, Associate Member, has recently 
relinquished his appointment with Rolls-Royce Ltd. 
(Oil Engine Division), Shrewsbury, and has taken up 
a position as Mechanical Engineer, Public Works 
Department, Bermuda. 


Mr. J. Hay, Associate Member, has been appointed 
a Special Director and Works Manager of Vickers- 
Armstrongs (Engineers) Ltd., Barrow Works. 


Mr. E,. Hampshire, Associate Member, has been 
appointed Works Manager (Heavy Departments) 6f 
Samuel Fox & Co. Ltd., a subsidiary of The United 
Steel Companies Ltd. 


Mr. J. L. Hughes, Associate Member, has recently 
taken up an appointment as an Assistant Lecturer 
(Grade B) in Production Engineering at the Wigan 
& District Mining and Technical College. 


Mr. F. T. Jones, Associate Member, has _ been 
appointed a Director of Microcell Ltd. (a subsidiary 
of B.T.R. Industries). 


Mr. D. F. Irving, Associate Member, has relinquished 
his position as a Production Development Engineer 
with The Glacier Metal Co., Kilmarnock, and has 
taken up.an appointment as Senior Sub-Contract 
Engineer with Distington Engineering  Ltd., 
Workington. 


Mr. C. H. John, Associate Member, has recently been 
appointed a Lecturer in Production Engineering in 
the Department of Mechanical Engineering at The 
Borough Polytechnic, London. 


Mr. E. B. Loewendahl, Associate Member, has 
recently been appointed to the Board of Centec 
Machine Tools Ltd. as Works Director. 


Mr. S. Metcalfe, Associate Member, has relinquished 
his position with the North Lindsay Technical College, 
Scunthorpe, and has taken up an appointment with 
the North-East Essex Technical College, Colchester. 


Mr. P. H. Reynolds, Associate Member, has now 
been transferred to the Fuel Element Design Office, 
U.K.A.E.A. Engineering Group, as Engineer II. 
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Mr. P. H. Mainprize, Associate Member, has relin- 
quished his position as Senior Lecturer at Garnett 
College, London, and has taken up an appointment 
as Head of the Engineering Department, Wolver- 
hampton Technical Teacher Training College, 
Wolverhampton. 


Mr. E. M. N. Manekshaw, Associate Member, has 
taken up a new appointment as Manager of 
Containers & Closures Ltd., Garifa, West Bengal. 


Mr. S. Schonbrenner, Asso- 
ciate Member, has relin- 
quished his position as 
Senior Service Engineer 
with Francis Kein & Co., 
Calcutta, and has settled in 
England. He now holds the 
post of Resident Engineer 
with T. H. Calow & Co. 





Mr. W. S. Stirrup, Associate Member, is now a 
Lecturer at the Letchworth Regional Technical 
College. 


Mr. B. E. Terry, Associate Member, has relinquished 
his appointment with Lacrinoid Products Ltd., and 
has taken up the position of Technical Director of 
Willamot Products Ltd., London. 


Mr. W. A. Whitlock, Associate Member, has been 
appointed a Director of Bryans Aeroquipment Ltd., 
in addition to his existing duties as Works Manager. 


Mr. James M. Clegg, Associate Member, has relin- 
quished his position as Chief Project Engineer with 
de Havilland Aircraft Co. Ltd., Farnworth on his 
appointment as Manager of the Commercial Manu- 
facturing Unit, de Havilland Aircraft Co. Ltd., 
Farnworth, Lancs. 


Mr. J. A. Alcott, Graduate, has relinquished his 
position as Project Engineer with Hardy Spicer Ltd., 
and has taken up an appointment with Stewart & 
Lloyds Ltd. (Production Management). 


Mr. W. Barnett, Graduate, is now an Administrative 
Engineer in the Power Reactor Equipment Depart- 
ment at Fairey Engineering Ltd. 


Mr. M. J. Berry, Graduate, has been appointed 
Production Controller, Advanced Design Division of 
Unbrako Socket Screw Co. Ltd., Coventry. 


Mr. N. J. Brown, Graduate, has relinquished his 
position with E. C. Little & Co., and has joined the 
Lockheed Hydraulic Brake Co, Ltd., as a Jig and 
Tool Designer. 
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Mr. D. H. Clark, Graduate, is now Senior Methods 
Engineer with U.D. Engineering Co. Ltd., London. 


Mr. D. Copeman, Graduate, has taken up an appoint- 
ment at the North-East Essex Technical College, 
Colchester. 


Mr. G, Crackle, Graduate, has taken up the position 
of Jig and Tool Design Draughtsman at Rolls-Royce 
Ltd., Derby. 


Mr. E. R. Gibbs, Graduate, has taken up the position 
of Production/Tool Engineer with I.B.M. World 
Trade Laboratories (G.B.), near Winchester. 


Mr. G. Goode, Graduate, is now a Designer with 
Distington Engineering Co. (United Steel Companies), 
Workington. 


Mr. D. W. Hicks, Graduate, has relinquished his 
position as Planning Engineer with Smiths Motor 
Accessories Ltd., and has taken up an appointment 
as Planning Engineer with English Electric Aviation 
Ltd., Stevenage. 


Mr. J. E. Pearce, Graduate, has recently been pro- 
moted from Production Engineer to Assistant to 
Works Manager, Peto Scott Electrical Instruments 
Ltd., Weybridge. 


Mr. A. M. Potter, Graduate, has relinquished his 
appointment with Dartmouth Auto Castings, Smeth- 
wick, and has taken up a position as Work Study 
Engineer with Dunlop Rim & Wheel Co. Ltd. at 
their Tyseley Factory. 


Mr. P. G. L. Scott, Graduate, has taken up an 
appointment as a Product Designer with Hoover 
Electric Motors Ltd., Cambuslang. 


Mr. P. G. Smith, Graduate, is now a Design Draughts- 
man with J. H. Booth & Co., Consulting Engineers, 
Bristol. 


Mr. J. G. Warren, Graduate, who was previously 
Senior Designer, has been appointed Development 
Engineer, Chaphone Engineering Developments Ltd., 
Sutton Coldfield. 





CORRECTION 


In the October issue reference was made to the 
appointment of Mr. R. Cooper, Graduate, as Sales 
Office Manager of the Machine Tool Division of 
Monks & Crane Ltd., but due to a printing error the 
firm’s name appeared as “ Monks & Cove”. 
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Obituary 
W. J. MORGAN, M.B.E., D.L.C., M.LMech.E., M.I.Prod.E. 


The death of Mr. Bill Morgan, following a heart attack last month, is recorded with profound regret. His 
passing is an inestimable loss to the machine tool industry, which he had served faithfully and with distinction 
for over 30 years. 


He first became a familiar figure in the machine tool world as Technical Adviser to the Import Duties 
Advisory Committee in 1932, but it is as Secretary to the Machine Tool Trades Association, to which office he 
was appointed in 1939, that he will be most widely remembered. In 1951 he was appointed also General 
Manager to the Association, resigning from this dual office in 1958. He continued, however, to act as adviser, 
and was closely connected with the formation of the Machine Tool Industry Research Association, acting as 
General Secretary during its formative stages. 


Mr. Morgan was closely concerned with the control of machine tools during the Second World War, and 
was instrumental in producing the report on the British Machine Tool Industry for the Director-General of 
Machine Tools at the Ministry of Supply, in 1945. For his services to the industry, he was awarded the M.B.E. 
in 1946. 


His character was such that he inspired not only respect but warm affection amongst his countless friends 
and associates, who will not easily forget him. 


E. G. HOLBERRY, M.1.Mech.E., M.I.Prod.E. 


The death last month of Mr. E. G. Holberry, Works Director of E.M.B. Co. Ltd., at the age of 51, is 
recorded with deep regret. He joined the Company in 1952, as Works Manager, and was appointed to the 
Board in 1958. His drive and initiative were outstanding and yet “ E.G.H.”, as he was affectionately known 
throughout the works, was regarded as a friend and confidant by both workpeople and management. 


His wise counsel will be sadly missed by a wide circle of friends. 





DIARY FOR 1962 


JANUARY 25 se wed Annual General Meeting of the Institution. 
10 Chesterfield Street, Mayfair, London, W.1. 


MARCH 28 rrr des The 1961 George Bray Memorial Lecture 


at the University of Birmingham. 


Speaker : Mr. J. F. Stirling, Executive Technical Director, James A. Jobling 
& Co. Ltd. 


Subject : The Production of Industrial and Domestic Glassware. 


APRIL 5-7 cae oi Aircraft Production Conference, College of Aeronautics, Cranfield. 
Theme : Building Aircraft for the Competitive World Market. 


MAY 15 and 16 __.... ~ Eighth Annual Conference of Engineers Responsible for Standards. 


The Connaught Rooms, London. 
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Hazleton Memorial Library 





ADDITIONS 





The Hazleton Memorial Library is a reference and lending library freely available 
to members of the Institution. It is open on every weekday, excepting Saturdays 
and public holidays, from 10 a.m. until 5.30 p.m. Members may borrow all books 
and periodicals, with the exception of those which are constantly required for 
reference, and the current numbers of periodicals. The initial loan period is one 
month, and this can often be renewed upon application to the Librarian. 
Applications for loans, loan renewals, and for information can be made by post 
and telephone by members unable to visit the library; and books and periodicals 
can be sent to members by post, the Institution paying the cost of postage one way. 


Bibbero, Robert J. “‘ Dictionary vf Automatic Control.” 
New York, Reinhold; London, Chapman and Hall, 1960. 
282 pages. 48s. 


An encyclopaedic dictionary covering theory and basic 
concepts; computers and data processing; industrial 
machine and process control; aircraft and missile control 
and telemetering; and control components and design 
factors, Reference only. 


Buckingham, H. and Price, E. M. “ Principles of 
Electronics.”” 2nd edition. London, Cleave.-Hume Press, 
1958 (reprinted 1960). 419 pages. Diagrams. 18s. od. 


Not intended for students making a very specialised study 
of electronics, but rather for general electrical engineering 
students, heavy current elec.rical engineers, and others, 
who are becoming actively concerned with electronic 
methods and their applications, and require a good 
grounding in the subject. About a quarter of the book 
explains the theory; another quarter describes valves, 
semi-conductors, photoelectric cells; cathode ray tubes 
and other electronic devices; and the rest is devoted tuo 
a wide range of methods used in engineering. 


Carter, Harley. ** Dictionary of Electronies.”” London, 
Newnes, 1960. 377 pages. Diagrams. 35s. 


Concise definitions of terms from many branches of 
electronics including radio television, communications, 
radar, electronic instrumentation, and __ industrial 
electronics. Circuit symbols; abbreviations, colour codes, 
convertion tables, and diagrams of valve bases are given 
in an appendix. Reference only. 


De Dani, A. * Glass Fibre Reinforced Plastics.” Advisory 
editor, A. de Dani. London, Newnes, 1960. 296 pages. 
Illustrations. Diagrams. 50s. 


A handbook—with contributions from experts in their 
respective fields ——for users and moulders of glass fibre 
reinforced plastics. 

Contents : Raw materials — Glass fibre reinforcements 
Polyester resins — Other resins — Silicone resins - 
Ancillary materials — Moulding methods — Non pressure 
or hand lay up moulding — Low pressure mouldings: 
production of articles from rovings— Low pressure 
mouldings: processes using atmospheric pressure —- High 
pressure mouldings: matched metal die mouldings — 
High pressure mouldings: dough moulding — Jigs — 
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Tools — Finishing operations for reinforced polyester 
laminates — Laminate properties The moulding shop 
— The laboratory. 


Drinberg, A. Ya. and others. “* Technology of Non- Te 
Coating.”” by A. Ya. Drinberg, E. S. Guverich and A 
Tikjomirov. ‘ranslated from the Russian by E. Bishow 
London, Oxford, etc., Pergamon Press, 1960. 551 pages. 
Diagrams. 80s. 


Discusses theoretical principles of film formation, the 
mechanism of ageing of coatings; organic lining 
materials; the properties of various coatings (including 
inorganic coatings); and their fields of application; 
corrosion protection; methods of applying coatings; and 
safety measures. There is information on the materials 
used in the Soviet paints and finishes industry, The 
original of this work was published in Russia in late 
1957, and was planned as a text-book for students of 
chemical engineering specialising in the field of non- 
metallic coatings, 


Furniture Development Council, London. ‘* Methods of 
Materials Handling in the Furniture Industry.”’ London, 
the Council, 1961. 58 pages. Illustrations. Diagrams. 
Mimeo. Spiral Binding. (F.D.C. Method Study Report 
No. 1.) 


This report is based on a study of eight firms in the 
furniture industry, and is an attempt to show how the 
method study approach can assist in reducing handling 
costs. It is in three sections, the first containing an 
introduction conclusion and recommendations; the second 
the reports on the eight firms; and the third a discussion 
of how to approach a materials handling problem by the 
use of basic method study technique . 


Hervis, F. R. J. ** The Evolution of Modern [ndustry.” 
London, etc., Harrap, 1960. 320 pages. 18s. 


This book is written primarily for the type of student 
(e.g., students of industrial administration), who needs 
to have a knowledge of economic development and in 
particular of the development of industry, but has no 
time to become a specialist in economic history. It traces 
the evolution of British industry from earliest times to 
the present day, describing and discussing the causes and 
effects of the main economic events. 


Contents: Mediaeval industry — The rise of English 
trade — Economic changes — Industry and trade before 
the industrial revolution — The industrial revolution 
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Iron, steel and coal — Engineering —- Cotton and the 
factories — iain economic periods since 1789 — Trans- 
port and steel — Joint-stock companies — Industrial com- 
bination and monopoly — Public utility industries — Co- 
operative societies—- The supply of capital — Trade 
unioas — The evolution of distribution — Overseas trade 
and investment—Twentieth century industries—Modern 
industrial organisation — A guide to further reading. 


Lockspeiser, Sir Ben. ** Man and His Machines : Automa- 


” 


tion and Computation — Their Origins and Effects. 
London, Institute of Personnel Management, 1960. 12 
pages. (Institute of Fersonnel Management. National 
Conference, Harrogate, 1960. Paper presented.) 


Moslo, Ernest. * Runnerless Molding.”” New York, Rein- 


hold; London, Chapman and Hail, 1960. 162 pages 


Illustrations. Diagrams. 40s. 


Describes the techniques used for the injection moulding 
of thermoplastics without the aid of a conventional sprue 
and runner system that must be removed from the mould 
each time a part or group of parts is injection moulded. 


Contents: Introduction — Materials and automatic 
molding machines— An early runnerless mold —A 
practical runnerless mold design — Nozzle design varia- 
tions for runnerless molding—-Thin-wall container mold- 
ing —- Multiple cavity runnerless molds —- Manifold and 
multiple runner arrangements —- Large section runnerless 
molding — Valve gating for precompressed molding — 
Sequential impact molding — An insulated runner system 
for injection molding. 


Scheele, Evan D, (and others). ** Principles and Design of 


Production Control Systems,’”” by Evan D. Scheele, 
William L. Westerman and Robert J. Wimmert. Engle- 
wood Cliffs, N.J.; London, Prentice-Hall Internationul, 
1960. 369 pages. Illustrations Diagrams. 42s. 


An attempt to develop a scientific approach to the solju- 
tion of planning and control problems in any type of 
production or management activity. The book desciibes 
specific steps, in chronological order for the design and 
use of production control systems: (1) Applying the 
principles of production control to any activity; (2) 
Making use of existing equipment and techniques as aids 
to production control; (3) Demonstrating methods of 
analysing and evaluating production control problems; 
(4) Developing the ability to adapt systems for continued 
effectiveness; (5) Setting up the relationship of the 
system to other management functions. 


Schenk, Hilbert. ‘*‘ Heat Transfer Engineering.”” London, 


Longmans, 1960. 313 pages. Diagrams. 28s. (First 
published in Englewood Cliffs, N.J., by Prentice-Hall in 
1959.) 


An introductory text-book suitable for mechanical 
engineering undergraduates. It is assumed that the reader 
is familiar with such concepts as the Fanning friction 
factor, the viscosity, and the principles of dimensional 
analysis as applied to fluid systems. The author deals 
in turn with each of the modes of thermal energy 
transfer; then discusses systems involving two or more 
of these mechanisms; and finally describes systems involv- 
ing several components, Detailed consideration is given 
to the theory and design of heat exchangers and other 
complete units. There are problems at the end of each 
chapter. The author believes that the field of heat trans- 
fer offers an ideal place for students to undertake indivi- 
dual work of originality and importance, and many of 
the end-of-chapter problems will suggest experimental 
projects. Chapter II (on heat transfer testing) deals with 
the principles of heat transfer test work and makes 
suggestions for apparatus and experiments. 





Bower, C. T. ** Aids to Machineshop Practice : 200 Practi- 


eal Hints, New Methods and Novel Ideas for Engineers, 
Machinists, Draughtsmen and All Concerned with 
Engineering Production.” London, Odhams Press, 1961. 
192 pages. Illustrations, Diagrams. 18s. 


Contents: Assembly methods — Drawing office aids - 
Drilling and tapping — Gauging and testing — Grind- 
ing practice — Work handling — Jigs, fixtures and 
machine attachments —- Lathe work — Machineshop 
maintenance —- Marking out — Milling work — Froduc- 
tion methods — Welding practice. 


Bowman, Edward H. and Fetter, Robert B. “ Analysis for 


Production Management.” Revised edition. Homewood, 
[li., Richard D. Irwin, 1961. 562 pages. Graphs. Tables. 
Diagrams. 


The first edition of this book was published in 1957. In 
this edition some additional material has been added 
where appropriate in order to expand the perspective 
and to account for new developments, The number of 
problems at the end of each chapter has been increased. 
The book is the outgrowth of a course in production 
management offered to first year students at M.I.T.’s 
School of Industrial Management. Some knowledge of 
mathematics, including statistics and calculus; and 2 
knowledge of economics is assumed. The book is 
orientated towaids the analysis of the economic problems 
of production management. 


Contents: Section I. Orientation. Introduction 
Analyses and decisions —- Schematic models. Section 2 
Mathematical programming. Linear programming 
Special programming monitors. Section 3. Statistical 
analyses, Statistical control Sampling inspection -- 
Industrial experimentation. Section 4. Economic 
analysis. Total value analysis — Incremental analysis 
—— Simulation — Equipment investment analysis Case 
studies. 


British Institute of Management, London. ** Case Study 


Practice: An Account by Specialists Working in 
Different Branches of Management Edueation of Their 
Experiences in the Use of Case Studies.” London, The 
Institute, 1960. 53 pages. 


The case study method of teaching is fairly new, and 
although its value can easily be exaggerated, its poten- 
tial value as an additional technique in the teaching of 
management is obvious. The contributors to this pamphlet 
represent respectively, a university, a technical college, 
the civil service, a firm of management consultants, a 
large, and a small industrial company. 


Buffa, Elwood S. ** Modern Production Management.” New 


York and London, Wiley, 1961. 636 pages. Illustrations. 
Diagrams. 82s. 


This book attempts to present the seneagge yor om student 
in particular, and to others a survey of modern know- 
ledge of production managemeat, a subject in which 
development has recently been very rapid. “ Production ” 
the author maintains, is the “ operations” phase of any 
activity, and although the factory model is predominant 
throughout most of the book, the author recognises signi- 
ficant production systems in other types of activity, e.g., 
in hospitals, retail stores and offices. He concentrates 
throughout on what he calls the “ hard core” production 
concepts, whilst recognising the existence of cognate con- 
cepts such as organisation., personnel management, and 
industrial relations. A grounding in analytical methods 
(for which some knowledge of mathematics is necessary) 
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is given early in the book so that problems of systems, 
design, operation and control can be based on these 
methods. The treatment of the usual “ production ”’ sub- 
jects (e.g., production and inventory control layout; 
quality control ; maintenance) is based on these methods. 
There are problems at the end of each chapter. 


Dalziel, Stuart and Klein, Lisl. ** The Human Implications 


of Work Study : The Case of Pakit Ltd., Stevenage, 
Herts., Human Relations Unit, Warren Spring Labora- 
tories.” London, D.S.I.R., 1961. 81 pages. Charts. 


This case study is the first fruit of a research project 
sponsored by the D.S.I.R. and Medical Research Council, 
Joint Committee on Human Relations in Industry. It 
describes the operation of work study in a medium sized 
firm in the Midlands. 


Derry, T. K. and Williams, Trevor I. ** A Short History of 


Technology, From Earliest Times to A.D. 1900.” 
Oxford, Clarendon Press, 1960. 782 pages. Illustrations. 
46s. 


This book owes something to the recently published five 
volume Oxford History of Technology, but is not an 
abridgement of the larger work. Historians have con- 
sidered man in his political environment, and, later in 
his social and economic environment. But it is onty 
recently that the importance of technological factors 
has been recognised. This book is an attempt to draw 
attention to these. It is the technological equivalent of 
the numerous economic histories and social histories which 
have appeared in this century, and can be profitably read 
by technologist, historian and general reader. The Far 
East is excluded from the survey for lack of available 
sources, although, as the authors state, our debt to the 
Far East may be greater than is supposed. Bibliographies 
and chronological tables which relate technological to 
political and other events, should be of great help to the 
studeat. 


Contents: Part 1. From earliest times to A.D. 1750. 
General historical survey — The production of food -— 


Production of domestic needs — The extraction and 
working of metals — Building construction — Transport 
- Communication and record — Early sources of power 


— The beginnings of the chemical industry. Part 2. The 
Industrial Revolution to A.D, 1900. Historical survey - 


[he steam engine — Machine tools and their products 
— Modern transport — Building construction: require- 
ments of urban communities — Building construction: 
requirements or transport —- Coal and the metals — New 
materials: coal-gas, petroleum and rubber — The rise 
of the modern chemical industry — Textiles — Pottery 
and glass — The internal combustion engine — The 
electrical industry -— Printing photography and ihe 
cinema — Agriculture and food -— Epilogue: technolo- 


gical and general history. 


European Productivity Agency. “ Fitting the Job to the 


Worker: International Conference of Zurich, March, 
1959.” General Report by Professor Bernard Metz. 
Paris, the Agency, 1960. 115 pages. Diagrams. 7s, 64d. 


One of the aims of the E.P.A. is the improvement of 
working equipment, methods and environment, since 
these affect productivity. This Conference represents 


phase three of a project aimed at interesting industrialists 
in “ fitting the job to the worker’. The first two phases 
comprised respectively a visit by “European experts to 
American institutions which specialise in human engineer- 
ing, and a technical seminar for European experts. 


Contents: The respective roles of physiology and 
experimental psychology Heavy muscular work - 
Work place design — Presentation and use of sensory 
information provided by the work process — Design of 
controls — Lighting and noise — Heat and working 
environment — Working hours and pauses — Biblio- 


graphy. 


Lea, F. C. and Simons, Eric N, “* The Machining of Steel: 


A Simple Explanation of its Principles and Practice.” 
Second edition. London, Odhams Press, 1960. 208 pages. 
Illustrations. Diagrams. 21s. 


A handbook for students, apprentices, operatives and 
others, which gives the fundamental principles of cutting 
and shaping steel and its alloys, together with practical 
information on the machines and methods used. 


Contents: Introduction — The lathe — Planing and 
shaping machines — Single-edge cutting tools — Milling 
practice — Drilling practice — Broaching practice 
Reamers — Sawing practice — Factors in the cutting 
of steel — Speeds, feeds and coolants — Materials for 
cutting tools — Jigs, gauges and fixtures -— Indexing. 
Appendices: Machining manganese steel — _ Electro- 


spark cutting. 


Nadler, Gerald. ** Work Simplification.”” New York, London, 


etc., McGraw-Hill, 1957. 292 pages. Tables. 50s. 6d. 


Contents: Introduction — Feople and problems 

Getting started — Product process chart — Form process 
chart — Man process chart — Operation chart 

Therblig chart — Multi-activity chart — Analysing non- 
repetetive work — Other analysis techniques — Getting 
ideas — Selecting the “‘ best” method — Designing the 
proposed method — Reviewing and testing — Installing 
the new method — Fundamentals of work measurement. 


Saverin, M. M. (Editor.) “ Increasing the Loading on 


Gearing and Decreasing its Weight.” Translation 
supplied to the Department of Scientific and Industrial 
Research by the Pergamon Institute. Oxford, London, 
etc., Pergamon Press, 1961. 204 pages. Diagrams. 70s. 


The results of a series of investigations carried out in 
the U.S.S.R. to find the most efficient ways of running 
gear transmissions to allow full use of their load carrying 
Capacities and to reduce their weight. The book includes 
articles on a number of reduction gears at present in use 
in several rolling mill plants, measures to reduce the 
weight of cylindrical reduction gears, investigations into 
the laws governing changes in the life and fatigue, limit 
of tooth surfaces as a function of loading conditions, 
results of investigations on the load carrying capacities 
of gears with extended centre distance meshing with zero 
total displacement of the original contour, investigations 
of the load carrying capacity of gears with extended 
centre distance measuring with a large positive totul 
displacement, the problems of the dynamics of spur gears 
and the experimental determination of the rigidity of 
gear teeth. 
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THE MONEY THAT MANAGEMENTS SAVE THROUGH MOBIL ECONOMY SERVICE 


More than £1,360 
saved in a year 
at J. Blakeborough 
& Sons Limited 


TAKING POSITIVE ACTION to cut maintenance and lubrication costs, 
J. Blakeborough & Sons Ltd. world-famous valve manufacturers, 
consulted the experts—Mobil. After accepting their recommenda- 
tions,andapplying the correct lubrication programme, Blakeborough 
found that they had made direct savings of over £1,360. Indirect 
savings were estimated at a further £2,100. 


World-wide experience of industrial lubrication 

This example of the value of Mobil Economy Service is typical of many 
that could be cited from almost every industrial area of the world. 
In all these areas, the world-wide Mobil organization is applying 
more than 90 years’ experience to the cutting of lubrication and 
maintenance costs. 


One plan to meet all lubrication needs 

The value of Mobil Economy Service is the value of expert knowledge 
methodically applied: it is a matter of assessing all the lubrication 
needs of a business collectively; considering how they can best be 
met with the fewest different lubricants in the smallest quantities; 
and making sure that everyone concerned knows how to use the 
lubricants to the best effect with the absolute minimum of work. 
The astonishingly large savings that are often achieved are the 
measure of the experience and skill that Mobil bring to the con- 
sideration of every industrial lubrication problem. 


opt 


MOBIL OIL COMPANY LIMITED- CAXTON HOUSE: WESTMINSTER: LONDON 8.W.1 ECONOMY, SERVICE 











Maj 
Sir I 





ef 








The Council of the Institution 


1961/1962 


President 
Harold Burke 


Vice-President 


R. Ratcliffe, C.B., M.B.E. 


Chairman of Council 


R. H. S. Turner 


Vice-Chairman of Council 


A. L. Stuchbery 


Immediate Past Chairman of Council 


H. W. Bowen, O.B.E. 


Past Presidents 


Major-General K. C. Appleyard, C.B.E. Sir George Bailey, C.B.E. The Rt. Hon. the Earl of Halsbury E. W. Hancock, O.B.E 
Sir Leonard Lord, K.B.E. The Rt. Hon. Viscount Nuffield, C.H., G.B.E. G. Ronald Pryor Sir Walter Puckey 
Norman Rowbotham, C.B.E. J. D. Scaife Dr. H. Schofield, C.B.E. The Rt. Hon. the Lord Sempill, A.F.C. 


Presidents of Councils outside the United Kingdom 


AUSTRALIAN Councit — I. M. McLennan, C.B.E. 
InpIAN CounciL — S. L. Kirloskar 
SoutH AFRICAN COUNCIL E. H. Dallas 


Chairmen of Regional Committecs 


East & West Ridings Northern South Eastern 
W. A. Hannaby A. Cameron W. Robinson 
Eastern North Western Southern 
G. S. Howell H. G. Gregory C. Sumner 
Midlands Northern Ircland South Western 
T. W. Elkington T.S. G. Kee F. G. C. Sandiford 
North Midlands Scotland Wales 
E. Steele H W. Townsend W. H. Bowman 


Additional Representatives on Council 


East & West Ridings North Western 
E. Levesley R. S. Clark 
Midlands South Eastern 
E. P. Edwards G. Kelly 


Chairmen of Standing Committees 


John M. Brice R. M. Evans J.C. Z. Martin R. V. Rider J. A. W. Styles H. Stafford Dr. T. U. Matthew 
(Editorial) (Research © Technical) (Papers) (Library) (Education) (Standards (Membership 


Elected Members 


G.V.B. Bevan G.R.Blakely A.BettsBrown A.G.Clark W.Core C.E. Darlington E.S.Hammett R. W. Hancock 
P.G.H. Jeffrey R.E.Leakey J.G.Noble G.C.Oram C. Phillips P. J. Shipton L. P. Simpson J. W. H. Smitin 
J. P. Speakman J. H. Winskill 


Chairmen of Sections outside the United Kingdom where Councils are not established 


Canada New Zealand 
S. Carroll J. C. Fantham 





Overseas Councils 


AUSTRALIA 
President 
I. M. McLennan, C.B.E. 
Chairman 
N. L. Eaton 
Immediate Past President Past Presidents Vice-Chairman Honorary Secretary Honorary Treasurer 
J. M. Steer W. Gwinnett, J.N.Kirby R. W. Deutsher J. M. Steer K. G. Slorach 
Delegates 
H. J. Baker H. A. Colton B. H. Coombes C. S. Curtis S. Downie E. J. W. Herbert C. A. Gladman 
R. Harris A. G. Jones A. E. Newcombe A. Pead F. W. Penny C. Pullen K. H. Shute L. W. Worthington 
INDIA 
President Vice-President 
S. L. Kirloskar Air Vice-Marshal Harjinder Singh, M.B.E. 
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Section Representatives 
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B.M.Sen P.V.Shah_ S. J. Shahany 


SOUTH AFRICA 
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The Production Engineer 


Most companies start as small fish. But few plan to stay small. Most would 


like to grow into BIG fish given the chance. But growing takes money, and sad to say, not every small fish 


has quite as much money as he could wish. However, money is just what upT does have. We supply money to 
help businesses expand, extend their premises, add new or replace old equipment. Do you dream of becoming 


a BIG fish? Perhaps upt can help you grow. 


UDT HELPS INDUSTRY 10 HELP IVStellr 


UNITED DOMINIONS TRUST (COMMERCIAL) LiMiTED *« $i EASTCHEAP * LONDON EC3 


When replying to advertisements please mention The Production Engineer 
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FAMOUS FIRMS 
SPECIFY 





The David Brown Company, world-famous manufacturers of agricultural and industrial tractors and 
machinery, have long specified R.I.C. finishes on all their machines. For they came to appreciate that an 
R.I.C. finish could dependably withstand any form of gruelling working conditions. R.I.C. supply 
specially formulated finishes to the majority of leading manufacturers in the agricultural machinery 
industry. If you have a troublesome finishing problem make full use of R.I.C. experience and service! 





) INDUSTRIAL FINISHES 


ROBT INGHAM CLARK & COMPANY * HEAD OFFICE: 93-97 NEW CAVENDISH STREET * LONDON * W1 * TELEPHONE: LANGHAM 0831 
DEPOTS: BELFAST, BIRMINGHAM, BRISTOL, GLASGOW, LEEDS AND LIVERPOOL 
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REGIONAL HONORARY SECRETARIES 


East & West Ridings - D. B. Verity Northern Ireland ... P. L. McIlwraith 
Eastern... “te eee A. B. Brook—Colchester Scotland wee D. S. Nicol 
5151 (Business) ; 
Midlands ... eee éee A. C. Turner South Eastern... at J. Aikman 
North Midlands ... D. S. Townsend Southern ‘en aaa J. W. Taylor 
Northern ... ae aes L. R. Douglass South Western A. Eustace 
North Western ... ove J. P. Speakman Wales P. H. F. Burton 
SECTION HONORARY SECRETARIES 
AUSTRALIA 
Adelaide (South Australia) ... B. H. M. Coombes, 11 Elmo Avenue, Westbourne Park, Adelaide, Australia. 
Melbourne (Victoria, Australia) A. G. Jones, 15 Laburnum Street, Brighton, S.5, Victoria, Australia. 


Melbourne Graduate (Victoria 
Australia) ... awe eee G. E. Robert, 18 Rosaline Avenue, Mount Waverley, Victoria, Australia. 
Sydney (New South Wales) K. G. Slorach, 98 Church Street, Castle Hill, New South Wales, Australia. 


CANADA 
nd uebec we ba eae J. Brooksbank, 4805, Millette, Pierrefonds, Province of Quebec, Canada. 
Q : 
an Toronto see wes see A. M. Hand, 18 Rintella Court, Scarborough, Ontario, Canada. 
ly INDIA 
ry Bangalore... dina as A. R. Iyer, Dy. General Manager, Hindustan Machine Tools Ltd., Jalahalli P.O., 
e! Bangalore, 13. 
Bombay mee wie ‘ea C. H. de Sousa, Churchgate House, 32 Veer Nariman Road, Fort, Bombay, India. 
Calcutta iv ss Jats C. K. Haldar, Asst. Director General, Ordnance Factories, 6 Esplanade East, Calcutta, 1 


NEW ZEALAND 


New Zealand ove eee A. F. Noutch, H. Beaney (Senior) Ltd., 398-406 Great North Road, Grey Lynn, W.2 
Auckland, New Zealand 


? 


SOUTH AFRICA 


South Africa isis eee A. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box. 10837, 
South Africa. 


UNITED KINGDOM 
Birmingham ... Pee ree W. Silberbach, 45 Bagnell Road, Kings Heath, Birmingham, 14. 


Cardiff ake wee ere A. E. Haynes. c/o A. B. Metal Products Ltd., Abercynon, Glamorgan—<Abercynon 331 
(Business) 

Cornwall ee ae ene F. G. Hawke, 3 Bellevue Terrace, East Hill, Tuckingmill, Camborne, Cornwall—Camborne 
3491 (Private) 

Coventry wee was os R. L. Aston, Lanchester College of Technology Coventry, Priory Street, Coventry. 

Derby ‘aie wae er W. F. Radford, 15 Sherwood Avenue, Chaddesden, Derby—Derby 42424 Ext. 137 
(Business) 

Doncaster... one wae G. R. Wimpenny 16 Tickhill Square, Denaby Main, Doncaster. 

Dundee pei eee eee A. J. Fraser, 51 Fintry Drive, Dundee. 


Edinburgh... wee oe D. A. Bowman, The Scottish Council (Dev. and Ind.), 1 Castle Street, Edinburgh 
Caledonian 7911 (Business) 

Glasgow stati hati ies D. S. Nicol, 35 Manse Road, Bearsden, Glasgow. 

Gloucester... ces ove A. Emery, 3 Radnor Road, Hatherley, Cheltenham. 

Halifax & Huddersfield aie D. B. Verity, Kendoon, 168 Roils Head Road, Norton Tower, Halifax, Yorks. 


Ipswich & Colchester sae D. G. Petch, “ Valandon ”, 231 Berghott Road, Colchester, Essex. 

Leeds ae eC re J. Keightley, 42 Kingsley Avenue, Adel, Leeds, 16. 

Leicester & District ... aa J. A. Stovin, 14 Queens Drive, Leicester Forest East, Leicester. 

Lincoln rr tee eee H. Wright, 101 Longdales Road, Lincoln—Lincoln 21241 (Business) Lincoln 27462 
(Private) 

Liverpool ace “ea aie S. Bateman, 17 Brooklet Road, Heswall Hills, Wirral, Cheshire. 

London eee wae oe C. F. Weide, Vickers-Armstrongs (Engineers) Ltd., Crayford Works, Crayford, Kent. 

Luton eee eee oe J. F. W. Galyer, Luton College of Further Education, Park Square, Luton, Bedfordshire. 


Manchester ... eee eee J. P. Speakman, 223 Douglas Road, Atherton, near Manchester—Trafford Park 2431 
Ext. 888 (Business) Atherton 538 (Private) 

Neweastle upon Tyne see L. R. Douglass, Gateshead Technical College, Durham Road, Gateshead, Co. Durham. 

Northern Ireland... eee P. L. MclIlwraith, 25 Ward Avenue, Bangor, Co. Down—Bangor (County Down) 5896 

Norwich eee eee eee V. Crowther, 2 Willow Lane, Norwich, Norfolk. 


Nottingham ... eee eee K. Liquorish, 28 Mona Street, Beeston, Nottingham—Nottingham 25-4831 (Business) 
Nottingham 25-6315 (Private) 
Oxford wee eee see K. F. Watson, 30 Stanway Road, Headington, Oxford. 
Peterborough tee eee N. Holmes, “ Arncliffe’, 11 Mary Armyn Road, Orton Longueville, Peterborough 
Peterborough 67474 (Business) 
Preston eee vee eee M. A. Goody, 1 Langdale Crescent, Ribbleton, Preston, Lancashire. 
Reading ese P. J. Smallbone, ‘ Maryfield””, Darlington Road, Basingstoke, Hants. 


Rochester & District eee W. G. Clements, 11 Charing Road, Gillingham, Kent. 

Sheffield ... +» += ss += W. Edwards, 2 Wollaton Drive, Bradway, Sheffield. 

Shrewsbury ... eee eee W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury—Shrewsbury 51544 (Business 
Shrewsbury 4880 (Private) 
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Southampton 


South Essex ... 
Stoke-on-Trent 


Swansea 
Tees-Side 
Western 


UNITED KINGDOM — continued 
R. C. C, Wadey, White Lodge, Holly Road, Ashurst, Southampton—Southampton 75533 


(Business). 
E, R. Easman, 4 Onslow Close, Chingford, E.4—-Seven Kings 3456 (Business) 
W. Elliott, 1 Longview Avenue, Alsager, Stoke-on-Trent. 
C. L. Clarke, 11 Alder Road, Cimla, Neath, South Wales. 
T. Young, 47 The Headlands, Marske-by-the-Sea, York—Redcar 3609 (Private) 
A. Eustace, 19 Ferndale Road, Northville, Bristol, 7—Bristol 693871 Ext. 243 (Business) 


Wolverhampton a a I. R. Jones, “ Shalimar”, Clive Road, Pattingham, Wolverhampton. 


Worcester 


Birmingham . 


Coventry 
Leeds 
Liverpool 


London 
Luton 


Manchester 


R. Wheeler, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire. 


CORRESPONDING MEMBER IN MALTA 
L. Walmsley, B.I.M Ltd., Marsa Industrial Estate, Malta, G.C 
CORRESPONDING MEMBER IN MIDDLE EAST 


J. Merkine, 15 Sha’anan Street, Ramat Gan, Israel. 


CORRESPONDING MEMBER IN RANGOON 


J. T. Foster, Office of the Principal, Regional Marine Diesel Training Centre, 
Dalla Dockyard, Inland Water Transport Board, Phayre Street, Rangoon, Burma. 


CORRESPONDING MEMBER IN FEDERATION OF RHODESIA AND NYASALAND 
R. P. W. Curtis, Copper Belt Technical Foundation, Chingola, Northern Rhodesia. 
GRADUATE SECTION HONORARY SECRETARIES 


A. Parkinson, 64 Wychall Road, Northfield, Birmingham, 31-—East 2051 (Business) Priory 
4073 (Private) 

N. A. Martin, 2 Home Farm Crescent, Whitnash, Leamington Spa. ; 

B. Noble, “ Lane  side”’, 25 Intake Lane, Batley, Yorks.—Leeds 637991 (Business) 

T. Drysdale, “ Stoneleigh ’, 2 Livingston Drive South, Liverpool, 17—-Hunts Cross 2121 
Ext. 46 (Business) 

B. W. Jenney, 58 Langdale Gardens, Perivale, Middlesex. 

D. A. Slough, 41 Felix Avenue, Luton, Bedfordshire—Luton 2440 Ext. 286 (Business) 
Luion 286 (Private) 

J. R. Ellis, 50 Avonlea Road, Sale, Cheshire. 


Newcastle upon Tree sa J. D. Rennison, 26 Kells Gardens, Low Fell, Gateshead, 9. Co. Durham—Low Fell 7-9721 


(Private) 


Rochester & District — D. M. Samson, 123 York Road, Maidstone, Kent. 


Sheffield 


Western 


P. Brown, 21 Rowan Tree Dell, Totley, Sheffield— Sheffield 23038 (Business) Sheffield 
365984 (Private) ; 

J. Russell, 1 Beaufort Road, Clifton, Bristol—Bristol 693871 Ext. 390 (Business) Bristol 
33437 (Private) 


Wolverhampton we ei R. Wise, 52 Pargeter Street, Walsall, Staffs. 


LOUGHBOROUGH COLLEGE STUDENT SECTION 
Chairman : 
A. K. Bird, c/o 8 Shannon Square, Lane Head, Burnley, Lancs. 


Honorary Secretary: 
J. B. Carmichael, Hazlerigg Hall, Ashby Road, Loughborough, Leics. 


MATERIALS HANDLING GROUP 


Chairman: 
H. Bond, Midland Electric Manufacturing Co. Ltd., Reddings Lane, Tyseley, Birmingham, 11. 


Secretary: 


S. Horwood, Assistant Education and Technical Officer, 10 Chesterfield Street, Mayfair, 
London, W.1. 


EDUCATION DISCUSSION GROUPS 
London Centre 


Chairman : 
D. E. Peerman, “ Oddywood,” Fox Close, Wigginton, Tring, Herts. 


Honorary Secretary: 
D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
Midland Centre 


Chairman: 
W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick 


Honorary Secretary: 
N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 
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ESTABLISHED “IN 


JIC BUILT THROUGHOUT TO J.I.C. STANDARDS 


NEWALL GROUP SALES LIMITED 
PETERBOROUGH: TELEPHONE 3227 
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ABU 


AND INCREASE 
PRODUCTIVITY 
by installing 
STONE-VAPOR 


steam-raising equipment 





Complete installation costs need 
Only be a fraction Of the COSt Mretésnonn: sxcrony 


EQUIPMENT EXHIBITION 


of conventional boilers, Doiler + sms cour 


WE ARE EXHIBITING 


IN STAND No. D.22 


houses and associated equipment,’ 
LLL EL a 


Write for i/lustrated literature that describes the Stone- 
Vapor method of steam-raising. 





STONE-VAPOR | BOILERS 
































Here is a new Bliss Press with features to boost 
production and cut operating costs. These presses 
have been designed for use where holes are to be 
punched or blanks cut at a distance from the edge 
of a wide sheet. The range includes two bench models 
of 2} and 5} tons capacities and six floor models in 
capacity ranges 10-60 tons. All complete with parts 
interchangeable with Bliss Bench and Inclinable 


Presses of similar tonnages. 


Standard features include: 
fully stress-relieved frame; 
rolling key clutch; extra 
long gibs and heavy duty 
precision-forged steel 
crank shafts. 















DEEP 
THROAT 


PRESSES 


for high speed 
blanking, 
punching and 
forming on large 
wide sheets 


BLISS 


LONDON OFFICE : 2—3 THE S 











E. W. BLISS. (ENGLAND) LIMITED - CITY ROAD - DERBY 
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BUILT BY 
FIELDING & PLATT 





ALMOST 50 YEARS AGO 
STILL IN SERVICE TODAY THANKs !00 TONS POWER— AND 


TO A [yhae.vatn'.€ REPAIR OVERLOADED 
EVERY DAY 


THE ANSWER FOR 





CRACKED AND 
FRACTURED 
CASTINGS 








Mi: TALOCK 


REGD. TRADE MARK 


COLD CASTING REPAIR SPECIALISTS 


FOR YOUR IMMEDIATE SERVICE 





Bristol Bristol 56014 Liverpool Central 3820 
Cardiff Cardiff 29719 London Whitehall 8902 - 5 
Birmingham Bearwood 2799 Newcastle Newcastle 24808 ‘ 
Glasgow City 7203 Sheffield Sheffield 29361 
W. Cumberland Egremont 381 Works East 1446 








M 3 TA L 0 C K GRAND BUILDINGS - TRAFALGAR SQUARE - LONDON . WC2 
(BRITAIN) LTD. | 
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UNLOADING 
VALVE 



























































Technical and Maintenance Tuition on 


ICKERS oil Hydraulic Equipment 


Regular instructional courses are held at the Birmingham 
Offices of Stein Atkinson Vickers, comprising a series of two- 
day lecture sessions, based on the application and servicing of 
Vickers Hydraulic Equipment. 

*In March 1962 a special one-week instruction course in 
Maintenance will include extensive practical work. 

The courses are free and a prospectus will be sent to anyone 
sponsored by his Company or Principal. 

Lecturers are also available to address engineering groups and 
works organisations. 


STEIN ATKINSON VICKERS HYDRAULICS 


Division of Vickers Incorporated, U.S.A. 
197 Knightsbridge, London, S.W.7. Telephone: KNightsbridge 9641 


Technical Sales and Service at London, Glasgow, Birmingham, Leeds and Manchester 
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CRAWFORD 
RAPIDGRIP 


NEW 
LEVER 

a) id YW 
CHUCK 


for use 
with 
Crawford 
Multibore 
Collets 


This powerful new dead-length chuck is particularly suitable for bar 
and second operation work; fitted with a Crawford rear support stop 
it can hold exceptionally short pieces. It is designed for operating 
Crawford Multibore Collets with their }” size range. There’s less 
operator fatigue, too, because Rapidgrip’s simple, powerful rack and 
pinion gear is easier to operate than more direct lever systems of 
collet closing. Another special feature is the fixed front cap which 

CRAWFORD ensures constant accuracy. An independent key allows easy bore 
adjustment. 


C 0 L [ ET S London Stockists: Acbars Limited 16-18 Macleod Street 
Walworth Road London SE17 Rodney 7191 


[ | M | T F D Midland & N.W. England Stockists: Retselp Engineering Ltd 
Vulcan Road Industrial Site Lode Lane Solihull 


a, Birmingham Solihull 2239 
Witney - Oxon Agents for N.E. England: Alfred Herbert Ltd Carliol 


Witney 334 Square Newcastle 1 Newcastle 28864 


Agents for Scotland: R. McSkimming & Co 65 West 
Regent Street Glasgow C2 Douglas 7391-2 
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THE SCIENTIFIC APPROACH 


Multi-channel oscillograms being made of the per- 
formance under load of a Cowlishaw Walker steel 
frame eccentric press at the Manchester Works of 
Associated Electrical Industries Ltd. This meticulous 
graphical analysis of the performance of this new 
range of eccentric presses of advanced design guaran- 
tees to the user:— higher productivity, better 
pressings and longer tool life. 





COWLISHAW WALKER AND COMPANY LIMITED 


BIDDULPH, STOKE-ON-TRENT : Phone: Biddulph 3254 « London Office: 117 Victoria Street, Westminster, S.W.1. Victoria 5472 
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Why transfer lines ? 





Linked machines are cheaper 
and operate at higher efficiency 




















PRODUCTION . 
EXAMPLE... 





1 Buffer stocks between each 





machine allow tool change with- Six of these linked 





machines produce | a 
out production time loss, thus a finished turned - 
raising normal efficiency ratings vom ee ae 

84 dia. 
o 
well above normal 80% every 39 t---H] £ 
2 Machines load and unload seconds ! | 


each other automatically with 


é Operations — turn ¥ 

interlocked cycle control. outside diameter | 

3 Max-Muller linked machines both sides, bore, rm 
chamfer all over equi spaced 


and drill four stud ee 


are used for most types of — #8: and drill four stud | [4 HBR 
holes. 


seeeee 





machining including turning, 
milling, drilling, tapping etc. 


























For f 
FOR ZCOWOMICAL. AUTOMATION L | 
WE 
HENRY PELS & CO. LIMITED. Tel: \ 


NRP 5109 32-38 OSNABURGH ST., LONDON, N.W.1I Te/: EUSTON 4113 — 
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Introducing 


CONSTANT VOLTAGE 
D.C. RECTIFIER 


(PATENT APPLIED FOR) 

















Continuous research and development by Lincoln Electric Co. Ltd. 
Engineers to provide the customer with even greater efficiency and 
quality of performance in welding power sources, has resulted in the 
production of the new Arcmaker CVR 200 Constant Voltage 
D.C. Rectifier Unit. 

This unit, which has been primarily designed for use with the 
Lincoln Electric Co. Ltd. Sprite CO2 Semi-Automatic Hand 
Welding Unit and other automatic welding processes, provides a 
compact, reliable and manoeuvrable power source with a voltage 
range of 14—30 volts D.C. in 16 steps (at 415 volts input) and a 
continuous output of 200 amperes at 25 volts. 


For further details of the new Arcmaker CVR 200 Constant Voltage D.C. Rectifier, please write to: 


LINCOLN ELECTRIC CO LTD 


WELWYN GARDEN CITY -: HERTFORDSHIRE +» ENGLAND Ga) 
Tel: Welwyn Garden 24581 (lO lines) Cab/es & Grams: Shield-Arc, Welwyn Garden City Ot 


When replying to advertisements please mention The Production Engin 
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FRONTOR 


Front-operated multi-tool chucking lathes 


The latest development of a remarkably efficient lathe design: Ideally suited 
to small, medium or large batch production the FRONTOR machines offer 


marked advantages in both setting and operating and require a minimum of 


floor area. 


Available with: 





Semi-auto cycle 

Transfer equipment 

Constant feed facing 
Auto-cycle with magazine feed 
Copying attachments 


Automatic chip disposal 


FRONTOR machines are a joint development of two leading German machine tool manufacturers : 


J. G. Weisser S6hne FRONTIOR FRONTOR Maschinenfabrik Diedesheim 


TYPE 25, —— TYPE 40 


Y 


FRONTOR 25 nEnSKEM Al §~FRONTOR 40 


ufo) 
y DIEDESHEIM ’ 


Mo Nominal turning 


Nominal turning di 153 j 
iameter 15? in. 


diameter: 9? in. 


Write for full details: 


SYK ES MACHINE TOOL COMPANY LIMITE 














x 








FORMATOR 

CIRCULAR 
THREAD CHASING 
TOOLS 


LOW COST TOOLING 
OR SHORT RUNS / : 
HE LARGER COMPONER 





A64 The Production Engineer The 














DRIVE FOR SMOOTH PRECISION 
WITH INDUSTRIAL DIAMONDS 





The finest pistons are turned with diamond tools 
and, for matching precision, their conrods are 
honed with diamonds. 

Industrial diamond tools cut, grind, and polish 
with unsurpassed speed and accuracy and so 
make a vital contribution to increased efficiency 
and production in thousands of engineering 
processes. 


To find out if diamond abrasives, diamond tools, 
or diamond impregnated wheels can help you in 
your problem, please get in touch with the Indus- 
trial Diamond Information Bureau. This Bureau 
is backed by the world’s largest laboratory 
devoted to diamond technology-The Diamond 
Research Laboratory in Johannesburg. For infor- 
mation and advice, without obligation, please 
write to the address below. 


Sa o> oll 


The Industrial Diamond Information Bureau 


2 CHARTERHOUSE STREET (DEPT. 8 ), LONDON, E.C.1. 
Telephone: Fleet Street 7157 
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‘ENGLISH ELECTRIC’ offer 

HIGH TORQUE: Types ‘D’ and ‘C’ motors. 

HIGH TORQUE, HIGH SLIP: Type ‘C’ motors for 
high inertia machines such as drop stamps and presses. 


®@ Foot, flange and skirt mounted 


@ Complying with BS 2960 


TOTALLY-ENCLOSED FAN-COOLED =| @ Class ‘E’ insulation 


TYPE ‘D’. For duty in atmospheres 
laden with dust and dirt. 


Send for full information to: 
Industrial Machines Department, 
The English Electric Company Ltd., 
Phoenix Works, Bradford 


\ high torque 
VENTILATED DRIP-PROOF as industrial motors 
TYPE ‘C’. Drip-proof in any position. J 
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The illustration 
below shows 
Model No. 0 





Multi-spindle Drilling Machines 


with adjustable spindle centres 
f these machine d all models have 


infinitely variable hydraulic fe ic cycle of rapid 
advance, feed, rapid return and er of spindles, 
with either fixed or adjustable ce vided within 
the machine capacity. A brief spe h machine 
t out below, and we shall be ply full 


s is available an 
ed and automat 
stop. Any numb 
ntres, can be pro 
cification of eac 
pleased to sup 


A range © 






















is se 
particulars upon request. 
| RANGE OF MACHINES 
No. 0 
Fixed head, moving table 
Drive motor 5 or 7} hep. 





Drilling are 10 in. diameter, 
10 in. square OF 
134 in. X 8} in. 





No. | 
Moving head, fixed table 
Drive motor 10 h.p. 
Drilling are@ 12 in. diameter, 
12 in. square OF 
16 in. X 10 in. 





No. 2 


Moving head, fixed table 
Drive motor 15 h.p. 
Drilling are 18 in. diameter, aueeeee™ sae" 
18 in. square or \ Thi ’ A 
94 in. X 1Sin. his 60 page catalogue illus- & 
4 trates and describes the range % 
No of K. & Ww. machines for the 
| modern machine shop. ] 
é 


p 1 
. ssooneowor”” 


Drilling are@ 24 in. diameter. 
24 in. square or 
30 in. X 18 in. 


No. 4 
Moving head, fixed table 
Drive motor 25 to 30 h.p. 
Drilling area 30 in. diameter, 
30 in. square OF 
36 in. X 24 in. 


Illustrated is 
Model No. 






KIT 
CHEN & WADE LTD 
« Member of the Asquith Machine T. 
‘oo! Corporation 
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The Production Engineer 


I used to worry over my production programme — finding the right engineering 
firm to handle the sort of precision work I required gave me endless 

sleepless nights — in fact it got so bad I even tried a bit of fishing — they said 
it was a good way to relax... 

Well, I still go fishing —I find I enjoy it, but I sleep well at night and haven't 


any more worries, not since I got Peak Engineering to take over my 
production headache. 


If you think we can help you with your problems, why not write to our 
Technical Representative, or better still visit us at our 
modern factory at Stratford-upon-Avon — the fishing there is very good. 


PEAK ENGINEERING CO. LTD. 


MASONS ROAD : STRATFORD-UPON-AVON - WARWICKSHIRE 
Telephone: Stratford-upon-Avon 3821 Telex: 31627 


When replying to advertisements please mention The Production Engineer 
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BRAKE that 
has EVERYTHING 





A powerful and efficient 








brake in an emergency. 


# A robust brake with 


a high cooling rate. 


Maintenance is greatly 
reduced and the amount 
of unspent lining 


is visible at a glance. 


Brake pads are easily 


replaced when necessary. 


Adjustment is 
extremely simple. 


WE INVITE ENQUIRIES 
FOR ORIGINAL EQUIPMENT 


eed 


G transmission brake 


LOCKHEED HYDRAULIC BRAKE COMPANY LTD. LEAMINGTON SPA, WARWICKSHIRE 


Regd. Trade Mark: Lockheed 


ONE OF THE 
AUTOMOTIVE 
PRODUCTS & 


GROUP 








The P 


Millin; 
tappin; 
rolling 
and su 
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B.S.A. 
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form a 
circurn 
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Milling cutters, twist drills, reamers, taps and dies, dieheads, 
tapping attachments, screwed shank tools and chucks, thread 
rolling dies, drill chucks, drill holders and adaptors, arbors, oil 
and suds pumps, machine vices, lathe chucks, magnetic chucks 
and equipment, hacksaw blades, broaches, limit switches. 


=a 


B.S.A. NAMCO dieheads are simple in construction and easy 
toadjust. Circular chasers ensure extreme accuracy of thread 
form and long life; they can be reground through 270° of their 
circumference. The range includes types for stationary or 


revolving spindles and for Swiss type and turret automatics. Vv a r 3 rad t y a n d q u a : ' t y 


supreme 




















B.S.A high speed tapping attachments. A quick 
easy pre-setting ensures correct tap-driving 
pressure with reserve elasticity to relieve the 
tap of extreme stresses should it encounter an 
obstruction, thus preventing tap breakage. 
Three sizes utilise standard hand taps in the 
range ;” BSF to 12” W., and two versions for 
capstan and turret lathes, =” to 1”. 








B.S.A. SMALL TOOLS LIMITED 

BIRMINGHAM 11. ENGLAND 

Cables: MADRICUT BIRMINGHAM TELEX 33-451 
Sole Agents Gt. Brit. 


BURTON GRIFFITHS & CO. LTD. 
Montgomery Street, Sparkbrook, Birmingham 11 


Tel: VICTORIA 2351 
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50,000 


GIL - SEALED 
RY COMPRESSORS 


FROM 1/3-250 H.P. 


IN - Throughout the World f 


The Hydrovane principle was developed and 
introduced by Bullows in 1948 and 

has since been adopted by all the major 
manufacturers throughout the World! 


10 Licencees manufacturing 
Hydrovane Compressors 


throughout the World! 





For further details of the Hydrovane principle 
send for our ‘* Questions & Answers ’’ Folder 


AIR COMPRESSORS : SPRAY PAINTING EQUIPMENT - SPRAY BOOTHS | 


ALFRED BULLOWS & SONS LTD 


HEAD OFFICE & WORKS LONG ST WALSALL STAFFS ENGLAND TEL: 27251 


TELEPHONE: MAYFAIR 2313 


DEPOTS AT—I3 SOUTH MOLTON STREET, LONDON, W.I 
TELEPHONE: BLACKFRIARS 5670 


55a BRIDGE STREET, MANCHESTER, 3 
70 GILMOUR STREET, GLASGOW, C.5 TELEPHONE: SOUTH 2383 
61/63 DRURY STREET, DUBLIN TELEPHONE: DUBLIN 73188/9 


BULLOWS (AUST.) PTY. LTD., ETHEL AVENUE, BROOKVALE, SYDNEY, AUSTRALIA 
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David Brown MACHINES 


Co-ordinated equipment 
for maximum 

.. . with efficiency 
on gear shaving 


David Brown CUTTERS 


All your gear shaving and testing equipment from 
one organisation. The perfect relationship in design 
and performance, giving peak efficiency at every 
stage. That’s the ideal for best results. 


oon wi t h Da vid Bro wn And that’s what you get when you buy David Brown 
MEA SURING EQUIPMENT gear shaving and measuring equipment. 


David Brown are ready to prove it ! 


DAVID BROWN 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


MACHINE TOOL DIVISION, ASHBURTON ROAD, 
TRAFFORD PARK, MANCHESTER 17. 
Telephone: TRAFFORD PARK 4741 


TOOL DIVISION, PARK WORKS, 
HUDDERSFIELD. 
Telephone: HUDDERSFIELD 3500 


... for best results! 


OA/6409A 


When replying to advertisements please mention The Production Engineer 
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FLOW CONTROL VALVES 
The Pratt range of Hydraulic Control Equipment 
is designed to meet the needs of every industry. 

Qualified Pratt Engineers are always ready 

to advise on equipment and circuits. 

FLOW CONTROL VALVES—Adijustable 3 cu. inches 

per minute to 10 gallons per minute. 

PRESSURE CONTROL VALVES—Pressure up to 

2,000 P.S.I. 

DIRECTIONAL VALVES—3 to 10 gallons per minute. 


PRATT PRECISION HYDRAULICS LTD 
HALIFAX * ENGLAND TEL: HALIFAX 66371/5 


A Subsidiary of F. PRATT & COMPANY LIMITED 
Famous for Workholding for 100 Years 
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rVareM:limerelarelidcelaliat: Moa c-3 Ci l 
for industry 


CARRIER ENGINEERING COMPANY LTD. 
CARRIER HOUSE, 24 Buckingham Gate, London, S.W.| 
Telephone: ViCtoria 6858 


Export enquiries to ORYSYS EQUIPMENT LTD., 24 Buckingham Gate, London, S.W.!. England 





THE ATLAS COPCO COMPRESSOR TT6 


Developed from the famous VT portable compressors, the Atlas 
Copco TT6 is a compact, heavy-duty machine for round-the-clock 
operation where there is a moderate but continuous demand for 
compressed air. 

The compressor is a single-acting, two-stage machine with 
air-cooled cylinders and intercooler. It is built for a normal work- 
ing pressure of 100 p.s.i. and has a free air delivery of 141 c.f.m. 
NO FOUNDATIONS NEEDED. The TT6 and its electric 
drive motor are mounted on ‘Metalastik’ bonded rubber feet. 
This eliminates the need for foundations as the compressor can 
be placed directly onto concrete floors. The TT6 can also be 
moved from place to place as circumstances dictate. 

Like the VT portables, the TT6 combines an outstanding 
power/weight ratio with a basically simple design which ensures 
reliable service and easy maintenance. The TT6 is a sound in- 
vestment for medium-sized or small-but-growing companies. 
AUTOMATIC CONTROL AVAILABLE. Available as an 
optional extra, the Atlas Copco Regulator allows the TT6 to be 
run with standard valve unloading system or as a fully automatic 
stop-and-start unit. 


WRITE FOR THE LEAFLET Atlas Copco leaflet E1207-1 gives full details of the 
TT6. it is freely available on request from the address shown. 


ATLAS COPCO (GREAT BRITAIN) LIMITED 

Maylands Avenue, Hemel Hempstead, Herts. Tel: Boxmoor 6040 

Sales and service depots: LONDON - BRISTOL - CARDIFF - LICHFIELD 
LEEDS - MANCHESTER - NEWCASTLE - GLASGOW - BELFAST - DUBLIN 


HERE’S AIR POWER FOR THE 
MEDIUM SIZED WORKSHOP 
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puts compressed air 
to work forthe world 10 
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Face Milling Cutters 





Secure 
RAPID BLADE RE-SETTING 


RAPID RE-SERVICING 
REDUCED CUTTER DOWN TIME 
REDUCED CUTTER COSTS 








RAPID RE-SET EQUIPMENT 


p The use of the Wickman Rapid Re-set Cutter Body 
and three blade styles available provides a simple 
variation of blade geometry. The blades can 

be removed, re-ground, checked and replaced in any 
Cutter Body size within the range — WITHOUT 
REMOVING THE CUTTER BODY FROM 

THE MACHINE, thus reducing down times and 
costs to a minimum. 








WRITE FOR YOUR COPY OF THE 
NEW WICKMAN FOLDER — 
“WICKMAN RAPID RE-SET FACE 
MILLING CUTTERS” — FOR 

THE FULL STORY. 














WICKMAN LIMITED 


WIMET DIVISION, TORRINGTON AVENUE, COVENTRY. Telephone 66621 


When replying to advertisements please mention The Production Engineer 
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Shell achievement 





A famous aero-engine firm found it could drastically 
reduce the cost of producing nuts made from S.62 
steel, by changing over from conventional cutting oils 
to Shell Garia Oil 115. The facts are these. 8.62 steel is 
heat-resistant and stainless. The quality of this steel 
and the call for very fine tolerances, as well as a very 
high percentage of full depth of thread, presented costly 
manufacturing problems. The breakage of taps, the 
need for constant re-setting, and the high proportion 


~ 
- 
~ 
- 
* 
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* 
~ 
~~ 
” 
- 
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of rejects, built up the average cost of the nuts to 
over ls. 2d. each. 

By accepting the advice of the Shell engineer and 
changing over to Shell Garia Oil 115, this firm was able 
to produce 3,000 nuts between regrinding 
taps-resulting in the cost of each nut being 

reduced to 3d. 

Write for the booklet ‘Selecting Your Cutting 

Oils’ to Shell-Mex House, London, W.C.2. 


SHELL INDUSTRIAL OILS 
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Shell demonstration 
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To establish facts is the constant preoccupation of 
Shell research. Assumptions cut no ice. 

For example, how ‘extreme’ is ‘Extreme’ Pressure? 
To evaluate scientifically the respective performance 
of the many E.P. agents evolved, Shell devised the 
Four Ball Test machine illustrated. 

In this apparatus a clamped }” diameter steel ball 
revolves in contact with three identical static balls ina 
metal cup containing the additive to be tested. Pressure 
between the balls can be varied at will. Under these 
controlled rubbing conditions, coefficients of friction 





can be plotted against load. With increasing loads, 
wear scars formed at successive stages may be 
measured and the welding point accurately determined. 
Developed for basic research, the Four Ball Test also 
plays an important workaday role in ensuring 
consistent batch quality—of prime importance on the 
machine-shop floor. 

Thoughtful production executives who want 

to know more have only to write for the book, 

‘Selecting Your Cutting Oils’, to Lubricants 

Dept., Shell-Mex House, London, W.C.2. 


SHELL CUTTING OILS 


When replying to advertisements please mention The Production 
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Capacity: 30 x 10 x 183 in. 


Power feeds and rapid 
traverse to all table 
movements 


24 Spindle speeds: 


18-1000 rpm 
or 24-1330rpm 
or 27-1500rpm 


Spindle Nose: 5; in. dia 
no. 50 taper hole 
Range of 
PARKSON 
Horizontal Milling Machines 


INA Universal 


2N Universal 
2N Plain 


3N Universal 
— 3N Plain 


Adapta Model N 


Ps pi iia ttle th ceil Pesci es a ice aa nana alta las ——~ 
a J. PARIUNSON & SON 


ars 45357 ee 
SHIPLEY Telephone 53231 YORKSHIRE 


saat 


St lS ia SS Ee SS 


P381-1B 








The Production Engineer 


SPECIAL 


TOOLING LAYOUT No. 14 





7 
FI FI — - ——” CAST IRON 
oor to rioor lime: COVER 


2 mins 45 ese Code Word : Sevends . Carbide Cutti 
Fitted with 13” Air Operated — ae 
3-Jaw Chuck. ° 





Tool Position Spindle Max. Cutting Speed Feed 


DESCRIPTION OF OPERATION | Speed Feet Metres. | Cuts mim 
| Hex. Turret | Cross-Slide R.P.M. per min. per min. per inch per rev. 











GripatA_ - - - - . - — — | — — — 
Bore 42” dia., face bottom, form end boss | —- | — | — 
and drill 3” dia. hole, - = | (177 278 84-8 76 334 
Turn flange dia, - - = | (119 180 | 54:7, Hand | Hand 
Chamfer bore & flange - = - — | — — — 
Finish face end = - - 177 | 848) Hand | Hand 
Remove from chuck - —_ 


— 




















*PRELECTOR'’ TURRET LATHES Stock Tools, 4 WwW. WA a DB) 
7 


Combination Turret with capacities up Toolholders, Chucks 
Lathes to 35 in. swing over be and Accessories 
with Preselective for Capstan and b7 ore) iF D 


speed-changing. 13 in. co 2} in. *D-S* Turret Lathes. 

DOUBLE-SLIDE' SELLY OAK, BIRMINGHAM 29 

Capstan Lathes 
for heavier Phone : Selly Oak 113! 

accurate work. 

















When replying to advertisements please mention The Production Engineer 
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KEARNEVSTRECKFR ¢ BED TYPE 








5 
Ce 


UPRIGHT —rigid 
one - piece construc- 
tion. . heavily ribbed 
to absorb vibration 
and torsional stresses 
imposed by high rates 
of metal removal. 


POWER CON- 
TROL STATION 
—conveniently located, 
compact grouping of 
switches which in- 
clude master, spindle, 
table and coolant 
control. 


TABLE FEED 
DRIVE-self-contain- 
ed gear driven unit... 
quiet, positive power 
transmission. Individ- 
ual quick - action 
magnetic clutches 
control feed, rapid 
traverse and table 
direction. 


BED-—multiple box- 
section construction, 
heavilyribbedthrough- 
out at al// stress points 
to absorb the heaviest 
cutting forces... Integ- 
rally cast “square- 
wrap” table ways. 








YOULL a —, production 


faatiliiats maalt-(ejallal— 


Designed for fast, accurate, profitable 
production of small to medium size parts. 


SPINDLE -HEAD 
—rugged compact de- 
sign . micrometer 
dial, graduated to 
.001”, facilitates ac- 
curate manual posi- 
tioning... 12” vertical 
range...double clamp- 
ing assures rigid, 
positive settings. 













































SPINDLE QUILL 
—three inches of 
cross-adjustment ... 
quick, positive clamp- 
ing. 


SPINDLE—No. 40 
N.S. taper ... three- 
bearing spindle. 


TABLE SCREW 
— has 126,000 p.s.i. 
tensile strength and a 
yield point of 100,000 
p.s.i. .... more than 
ample to move the load 
easily without distor- 
tion. 


Choice of three horsepowers and speed ranges 
available—2 h.p., 25-750 r.p.m.; 3 h.p., 50-1500 r.p.m.; 
5 h.p., 100-3000 r.p.m.—independent 14 h.p. feed motor 


—choice of three feed rate ranges —+ to 20i.p.m.; 1- 40 





i.p.m.; 147-60 i.p.m. horizontal feed range 18 inches 


- vertical feed range 12 inches. 





The 





. 


: 


i. 


t 
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ilwaukeeffil | ,,. SMALL, MEDIUM LOT 


Model I218 | and continuous ,/yctoll 





aiatinies SET-UP TIME 





CENTRAL CONTROL GROUPING 








An outstanding example of operating 
convenience. A ‘twist of the wrist” 
effectively eliminates backlash for either 
conventional or climb milling. The 
compactly grouped push-button Oper- 
ator Control Station facilitates control 
of all table movements. 





Either manual or automatic cycle. 
Automatic cycle table control is based 
on an electrically coded system, with a 
minimum of basic styles of trip dogs, 
to create a wide range of automatic 
milling cycles. 








EASE OF »—=== 
ACCESS 


“Tl 


_—-, - 


... TO CUTTERS 
AND ARBORS 


Cutters and arbors can be 
changed WITHOUT removing 
arbor supports from overarms. 
Merely extend one overarm, 
slide arbor support forward on 
extended overarm, swing it up, 
move it back and rest it on the 
other overarm. 








5 
8) « Ta 
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Manufactured and Distributed by... 
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LONDON + BIRMINGHAM + GLASGOW + MANCHESTER BRISTOL 


NRP 3483 


When replying to advertisements plea:e meniton The Production Engineer 
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UNIVERSAL 
HOBBING 
MAGHINE 


An entirely new model built for fast, accurate production. For 
generating spur gears and sprockets, splines and serrations — and 
worm wheels by the plunge cut method. Built-in differential for 
spiralling. Hob head swivels to 60° for left and right hand spirals. 
Tangential feed hob head available for worm wheels of high tooth 
angle and worms. Lever operated changeover from roughing to 
finishing feeds. Rapid return power traverse. Climb or orthodox 
hobbing methods can be used. A fast production model with 
hydraulic closed cycle and automatic hob shift is available for mass 
production of high grade gears. 








Maximum diameter 10” Face width 8’ 7DP 


Write for 
full details 









DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel: WESTERN 8077 (8 lines) Telex: 23182 Grams’: ACCURATOOL LONDON TELEX 






242 








The Production Engineer 


MAXIPILOT 








For accurate, 
high-output 
copy turning 





DRUMMOND Maxi pilot at 
the Austin Motor Co. Ltd. 


This Maxipilot turning Austin Seven crank- 
shaft primary gears demonstrates the 
application of this modern hydraulic multi- 
cycling copying lathe to accurate mass 
production work. It is a robust machine 
designed to exploit to the maximum the 
cutting possibilities of carbide tools. 
Available with either 20” or 32” between 
centres and max. swing 16” over the bed, 
94” over the cross slide. 


DRUMMOND BROS. LTD. 


GUILDFORD - ENGLAND 
Member of the Asquith Machine Tool Corporation 


Sales and Service for the British Isles 


DRUMMOND - ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 


ST 
KING EDWARD HOUSE. NEW ST., BIRMINGHAM Phone Midland 3431, Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Central 0922 
D 390 
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“Done already, Dick?” 


“Yes... wiring doesn’t take long with Kopex, 
you know: Ever seen it? Look. It’s pliable. 
Just cut it, bend it and fix it. Marvellous.”’ 
Kopex Pliable Electrical Conduit. A significant 
advance in electrical wiring installations. 
Easily bent by hand, remains rigid after 
bending and can be shaped to any radius with- 
out distorting the bore. P.V.C. covered for 
protection against oil, corrosion and suds. 
Ideal for wiring machine tools and special 
purpose machinery in factories and chemical 
plants, etc. 

Kopexcouplingsare made in a variety of metals, 
and can be used with any standard electrical 
fittings, to make arigid, permanent joint. Full 
technical information and prices on request. 





P.V.C. covered PLIABLE ELECTRICAL CONDUIT 
(also available without P.V.C. covering) 





UNI-TUBES LIMITED 

Head Office: 197 Knightsbridge, London,S.W.7 
Tel: KNIghtsbridge 78115 

Works: Alpha Street, Slough, Bucks. 

Tel: SLough 25476/8 


A member of SMITHS Group of Companies 


USASPEAD 


Super freecutting 
bright steel 


Produced specifically for CAPSTANS and AUTOS 





CUT WITH A KNIFE BEND IT 

















BS 970 1955. EN. 


The engineering trade has long recognised 
the superior quality of this freecutting 
steel, which has acquired a wide 
reputation for ease of machining, high 
cutting speeds, long tool life and the 
ability to produce components of 
excellent finish and accuracy. 

Usaspead super freecutting bright 

steel is closely controlled for chemical 
composition and mechanical properties, 
and responds readily to normal case 
hardening treatment. 

A complete range of EN specifications is 
available. 


A COMPLETE RANGE OF 
EN SPECIFICATIONS 
IS AVAILABLE 


MACREADY’S 


METAL COMPANY 
LIMITED, 


USASPEAD CORNER, PENTONVILLE 
ROAD, LONDON, N.1. 

Phone: TERminus 7060 and 7030 (30 lines) 
Grams: Usaspead, London, Telex. 

Telex No. 22788 
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MILLING MACHINES 





-iIncrease output on 


small and medium batch sizes 


FRITZ WERNER Punched Tape Controlled Milling Machines 
are standard machines with special electrical equipment for tape 
control which does not prevent manual operation. 

A standard teleprinter tape determines spindle direction and 
braking; variable feed rates including rapid traverse; direction and 
length of table movements. The standard feature of automatic 
hydraulic clamping of stationary slides ensures rigidity. 
Automatic dividing attachments, circular tables and clamping 


fixtures can be included in the programme which can contain an ° 
infinite number of stages. 


1,46) 6 KW E L | for further particulars write or telephone TODAY 


ee eer ae WELSH HARP, EDGWARE RD., LONDON, N.W.2 
TEL: GLADSTONE 0033 





ALSO AT BIRMINGHAM - TEL: SPRINGFIELD 1134/5 - STOCKPORT - TEL: STOCKPORT 5421 - GLASGOW - TEL: MERRYLEE 2823 


A cncntneienimenniitiihiiipiimeaieuiiisiaae 


Wis 
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ECONOMIES YOU GET WITH NORGREN 
Automatic and continuous lubrication. Hand 
oiling eliminated. Lubricant consumption 
greatly reduced. Uneven ‘bearing wear 
eliminated. Helps keep work area cleaner. 
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A PROVED COST SAVER 


A typical example of how Norgren MICRO-FOG 
Lubrication has lowered bearing temperatures as 
much as 50°F, and reduced oil consumption by 
66%. A Norgren MICRO-FOG Lubricator creates 
a fog of extremely fine particles of oil that can 
be distributed through low pressure air lines to 
satisfy all lubrication needs on the machine. 
MICRO-FOG eliminates sumps, pumps. oil filters 
and high pressure piping, provides a big cut in 
equipment requirements, needs fewer oil seals and 
reduces costly maintenance and downtime. 





Full details from 


C. A. NORGREN LTD. 


SHIPSTON-ON-STOUR, WARWICKSHIRE 
Telephone; Shipston-on-Stour 676 (3 lines) 










































MULTIPLE DRILL HEADS 


Cone ADJUSTABLE 


Hey Multiple Spindle Drill Heads convert 
Standard Drilling and Boring Machines to High 
Production Machines permitting drilling of all 
holes in a component simultaneously, with 
production rates equal to those obtainable on 
expensive special purpose machines. 

Compact design reduces to a minimum, distance 
from drill head to machine spindle, whilst careful 
selection of material ensures an extremely efficient 
light weight head. 

Heads are available with any number of spindles, 
covering a wide range of sizes 
MAXIMUM PRODUCTION ON DRILLING, REAMING, 
TAPPING AND SPOT 
FACING OPERATIONS 
















We also manufacture Rotary 
Cam and Profile Milling 


ENGINEERING CO. LTD. peppeieepaniehiiresnnins 
COVENTRY ‘prone: coventry eaca get age vasa 


Machines, Special Machine 
Tools for High Production. 































Mollart will design your machines and production 


/ / | 
I / / / | , 
/ { equipment, from simple tools to fully automatic plant for 
) the light and medium engineering fields. 


BASIC SECTION A-A for further details, write today 
SECTION B-B FoR PT N& 9/3© : THE MOLLART ENGINEERING CO. LTD. 


KINGSTON - BY - PASS 
(rx) a. 77 SURBITON - SURREY - ENGLAND 
‘ Telephone: Elmbridge 0033 (5 lines) 


(29- Telegrams: Precision, Surbiton. 
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TOP FACE —~s - 





SIDE FACE oy 


- AT 20 
The floor-to-floor time for 


milling the three faces is 
6 MINUTES 


BOTTOM FACE — 


TABLE CANTS TO 


The fastest means of 
milling light alloys — *##ivtton 





Wadkin Articulated Arm Router, L.C 6, machining alu- 

minium selector bodies for 54” diameter pneumatic tube 

system. Photographs by courtesy of the Lamson Engineer. 
ing Co. Ltd., London, N.W.10. 

The Lamson Engineering Co. Ltd. appreciate the time-saving cost-cutting advantages of a 

machine specially designed for the rapid, precision milling of light alloys. 

That’s why they have recently installed a Wadkin Articulated Arm Router, type L.C.6. 

This is a relatively inexpensive, medium capacity machine with cutting speeds 

up to 18,000 r.p.m., power rise and fall to the head, integral base plate, and a unique rising 

and falling canting table. Full details of the type L.C.6, and the heavy duty machine, 

type L.C., are given in Leaflet 945 available on request. 





Wadiicnse 1.04, othe on Wadkin Ltd., Green Lane Works, Leicester. Tel. 68151 
ted 10° to the right to present an 


inclined top face. London Office: 62 Brook Street, W.I. Tel. MAYfair 7048 








CHUCK BLOCKS 


* the complete 
permanent magnet 
accessory range 
the first name in magnetic tools 


ask the experts for advice on your holding problem 





ADDITIONAL 
TOP PLATES 





pa 
SMALL TOOLMAKERS CHUC 
MOUNTED ON SWIVELLING BRACKET 









Made by James Neill & Co. (Sheffield) Ltd—the originators of this equipment. Supplies through your usual ‘Eclipse’ Distributor 
PM. 175 
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RENOLD ~ 


[ 















Spider Type Flexible Couplings — 


alu- 
= range of 6 couplings up to 20 h.p. 


Chain Couplings --- 
range of 11 couplings up to 1,500 h.p. 


Disc Type Flexible Couplings — 
range of 16 couplings up to 600 h.p. 


When it's a question of coupling one shaft to another. . . 


RENOLD couplings are the answer ! 


RENOLD 90906 clutches | THE NEW RENOLD 


For Over-running, Indexing and Backstopping R L CLUTCH 


REvensia.e 









for 








The Renold Sprag Clutch has many uses 
in all types of machinery and is ideal for 
the replacement of noisy ratchet-and- 
pawl mechanisms. It will give completely 
positive indexing with speed, accuracy and 
to unlimited graduations, is capable of 
high speed free-wheeling, and will remain 
free from measureable backlash 
throughout its life. 

Write to Renold Chains Limited, Sprag 
Clutch Unit, 50 Cathedral Road, Cardiff, 
for Catalogues giving details of our range 
of clutches. Renold Chains Limited are 
licensed to manufacture Sprag & Reversible 
Locking Clutches by Formsprag Co. U.S.A. 


Position Control 
Reversible Backstopping 


Single Revolution Control 





Torque Feed-Back Elimination 





RENOLD CHAINS LIMITED MANCHESTER nrwo1d) 
Lee 


When replying to advertisements please mention The Production Engineer 


How good 
is a 
cutting flu 


That’s a very pertinent question to ask right at the start. 
Advisedly so, for we hold strong views about the part 
cutting fluids can and do play in the machining of metals. 
For far too many years, it has been pre-supposed that as 
long as you flooded the tool and workpiece with a fluid of 
some kind, things were bound to happen! Just what fluid 
seemed rather unimportant and one might be considered 
a niggler if one held a more rigid viewpoint. But have 
the bad old days really gone for good—the good of metal 
cutting that is ? All too often, a tooling set-up gets every 


Choose 


FLETCHER MILLER LTO HYDE, CHESHIRE 


Production Engineer ® 


kind of intelligent consideration until it comes to the 
question of coolant. The nearest drum or central bulk 
supply may be alright but could be just the opposite. 
A cutting fluid has a major responsibility in the province 
of machining and forming metals and it is our fondest 
tenet that until you have the right oil on tap, you are 
missing the sort of production savings that Fletcher 
Miller users secure. After 45 years, we have a lot of 
accumulated know-how (sorry about that word) and just 
the right cutting fluid for any metal production job. Call 
in the experts. 


Telephone: 


HYDE 3471 (Slines) Telegrams: EMULSION, HYDE 
CF 138 





WTHORN 

Maker 
REDDISH 

Phone: STOCKPORIT 


of High ( 


ENGINEERING COMPANY LIMITED 
Machine Tools for over half a century 

STOCKPORT ENGLAND 

-3 CROWTOOL, REDDISH 


fad 


Grams 











eer 


A fast with more weight 
automatic more stamina 


’ @ gee, more power 
Fon -cycle miller gy Tee 


: ne 






Balanced feed control 

from centrally placed Emergency 
hydraulic cylinder to table return 
reduce table-slide wear. lever. 





















































Zz 
ZA 





Y Uj 


ii Z Air cylinders. 
\ TWO HANDED START FOR SAFETY 
‘ Interlock lever must be lifted 
before start cycle button can 
be operated. 


Z 





Y 





MAX 


\\ 


HORIZONTAL MILLER 


- Air Hydraulic Automatic Cycle 


No comparable miller has the weight and the power of the air-hydraulic A & S Model 1. 
1,400 lb. weight, 2 h.p. strength and three bearings to spindle give this superb machine the 
speed, brawn and stamina no other hydraulic miller can touch. By air-hydraulic table drive 
(powered by the shop air supply), greater cutter life, immaculate finish and faster automatic 
cycles are achieved. Two air cylinders exert balanced thrust on the table slides, eliminating 
side-thrust wear, and safeguarding the unfailing accuracy of the machine. With two-hand 
control and an emergency return lever, the A & S Model 1 is also the safest of all millers. 
Write for illustrated brochure on A & S Model 1 Range. 


MODEL 


SS 





2 
a 
a 


Other models in the No. I range 





A-LSL—Hand Feed 
A-G—Automatic Feed 
A-J—Automatic Cycle Still 6uclt Up 40) 100 standar a -ANOD 100 value / 


ee ADCOC K & S H l Pp L EY LTD ee nents ae el & Cables: Adcock Leicester 


/ 
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THIS MACHINE DOES THE WORK OF 4 


TAKES UP THE SPACE OF 1 lie Va 5 


PUNCHING lk | 
SECTION CROPPING | We 
PLATE SLITTING nF 
NOTCHING Pri iT 


THE ‘ ! i: ‘ 


b ERGUE 4. IN I sti , : j ran 








incl 
Mutti-Purpose Macuine plu 
Send for Brochure (W) des 
Made in several sizes, these, robust machines with ma 
recent improvements in design are an invaluable ; 
asset to constructors in STEEL. lar; 
A new range of Guillotines of modern design will for 
shortly be available. Full particulars on request. Ind 
n 


DIKKERGUE MACHINE TOOLS LIMITED 


WEST GORTON, MANCHESTER, 12, ENGLAND Telephone EASt 2771 














MARKS AND MARKING 
AUTOMATICALLY OR BY HAND 





wei 
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SPARCATRON 


We are pleased to announce 
















we are now distributors 


of “SPARCATRON” 
range of machines 

including the Mk.V 
plus R.LG. electrics, 
designed for the 







manufacture of 
large forging dies 
for Forging 
Industries. 





ME.ITIA 


Tank size Length 25” 
xX Width 12” xX 
Depth 7” Servo Head 
can handle electrodes 
weighing up to approx. 
I7lbs. Mark IIIA is 
ideal in Toolrooms for 
the manufacture of 
Press Tools, Die Cast- 
ing and Forging Dies. 








Mk.V 


Rapid stock removal of up to 6 
cubic inches per hour. 


Work-tank Length 42” « Width 
244” X Depth 16” (allowing for 
Die Block size Length 36” 
Width 24” X Depth 14”). 


Servo Head handling electrodes 
weighing up to _ alternatively 


50 Ibs. or 100 Ibs. 


Both these machines are mechanically and electrically safe for automatic operation; 
complete isolation of the machine takes place on completion of the work. 






Write or phone for details of the full Sparcatron Range 


STEDALL MACHINE TOOL CO. 


192-204, PENTONVILLE ROAD, LONDON, N.! 


Telephone:~ TERminus 3699 (25 lines) 
Also at BRISTOL, MANCHESTER, LEICESTER & GLASGOW 
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This timer covers a wide range of indus- 

Amy __ trial uses, It has a high degree of 
| ONDEX| accuracy which meets all normal require- 
tl ments. It is strongly made and reasonably 


= YY 





priced. All its components are generously 

rated for long, trouble-free service. 

The TY type timer is usually supplied in a steel case for wall 

mounting. There is also a steel cased form suitable for bench 

mounting but, if required it can be supplied without a cover, 

on a steel-front panel, for flush fitting to control panels and 
consoles. 


LONDEX 
ELECTRONIC Bouw 


to secs., calibrated in 
1/2 2 to secs., és 


TIMERS wee ry TS Bs 


TY/S 0.25 to 7.5 secs., 





The dial is calibrated in actual time. Connections are made to 

a shrouded terminal block on the front panel. A multi-tapped Manufacturers of Electrical automatic control apparatus. 
input transformer, a Thyratron, a timing condenser and 

resistance are the essential components. Two Londex relays 

are included to give a multiplicity of switching sequences. A 

voltage selector covers all supplies from 200v. to 250v. 

50 cycles in 10 v. steps and a sequence selector gives a choice 

of three contact sequences. 


Write for List P.E./190. 
Anerley Works, London, S.E.20. Telephone: SYDenham 3111 


























Se Reader THE STANDARD PISTON RING & 
f PISTON RINGS & ENGINEERING CO. LTD. 
type of engine ‘ y Premier Works ‘ Don Road « Sheffield 9 « England 


) 
142076 (3 
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Morriofter 





FLEXIBLE SHAFT 
EQUIPMENT 


and Remote 

Control Drives. Light, 
Medium and Heavy 
Duty for all trades 





Model M.100 
$h.p. 

2,800 r.p.m. The New Morrisflex ‘300’, 
3,000, 9,000, 15,000 r.p.m, 





Model M.120, 2 h.p. 60 fame 
1,800, 2,800, 4,600, pore 
r.p.m. 


M.B. 136/2 
D/E Grinder 
Handpiece 


jggprerrrrrrr ty 


Model M.137 
I h.p., 1,100, 
2,800, 6,000 


r.p.m, 


Model M.!21, 
2 h.p., 1,800, 
2,800, 4,600 
rpm, 











B. 0. MORRIS LTD, Morrisflex Works, COVENTRY 


London Birmingham Manchester Glasgow 
Leeds’ Bristol Whitley Bay Sydney, Australia 
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Universally Jointed 







Even when used at extreme angles 


i the Leytool Universally Jointed 
W Wi ; Socket Spanner provides a firm and 
positive grip — essential to speed and 


ease of installation and _ servicing 
work, particularly because they 


¥ operate in positions completely 
J) ; inaccessible to ordinary spanners. 
‘ Made in sizes to fit every standard 


nut and bolt. 
0 asl fe from 30/6 
. i Write for full details 
Send for catalogue ' 


of Gytood QUALITY HAND Tools 
LEYTONSTONE JIG & TOOL CO. LTD. tevtoor works, crownurst RD., HOLLINGBURY 


Also at LEYTON, LONDON LEYtonstone 5022/3/4 ESTATE Nr. BRIGHTON, SUSSEX. — Phone: BRIGHTON 5701! 











H.F. Induction 
Heating 
IkW, 3kW, 7kW, ISkW Generators 





FOR HIGH SPEED HARDENING, BRAZING & SOLDERING, 
ANNEALING & MELTING, GENERAL HEAT TREATMENT 


@ These equipments all have a high kVa output circuit. 


@ The variable power adjustment allows the exact heating pattern to be 
obtained. 


@ Push button control ensures that the same heating cycle can be repeated 
with consistent accuracy and unskilled operators can be used with 
complete confidence. 


Specially designed valves of our own manufacture are used and a 
liberal safety rating on all components provides long life and the 
minimum of maintenance during continuous production. 

Complete working installations can be supplied. 

Immediately available from 
stock. 

Free sample testing and 
advisory service. 
Technical _ representatives 
in London, Birmingham, 
Manchester and Glasgow. 





Write or phone for leaflet HT/20/59. 


Standard Telephones and Cables Limited 
INDUSTRIAL SUPPLIES DIVISION 

STANELCO PROCESS HEATING +: FOOTSCRAY -: SIDCUP : KENT 
Telephone : FOOtscray 3333 
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In the short run, too 


It is not only in the long run that Araldite proves so economical. For short runs, calling 
for tools which can be made quickly and cheaply, Araldite epoxy resins offer many 
advantages. These include: high strength and dimensional stability; resistance to 
wear and freedom from deterioration; excellent adhesion to many materials, facilitating 
bonding and the use of fillers or metal inserts; ease of manufacture from moulds of 
many materials ; ease of modification in the event of change of design; suitability for 
making tools of any size. For the past ten years, Messrs. A. V. Roe & Co. Ltd. have 
used Araldite to manufacture large press tools for aircraft production. The photograph 
shows a freight door-frame measuring 84” x 60” x 4” for the new Avro 748. It is formed 
in 14 s.w.g. light alloy by an Araldite-faced double action draw tool, which has already 
produced over 100 pressings. 
May we send you our booklet ‘ Araidite Resins for Tooling '? 


avecdtebtic 


Photograph by courtesy of Messrs. A. V. Roe & Co. Ltd. 


Araldite epoxy resins are used 

for producing patterns, models, jigs and 
tools 

for casting high grade electrical insula- 
tion 

for impregnating, potting and sealing 
electrical windings and components 

for producing glass fibre laminates 

as fillers for sheet metal work 

as protective coatings for metal, wood and 
ceramic surfaces 

for bonding metals, ceramics, etc. 


EPOXY RESI N Ss Araldite is a registered trade mark 


CIBA (A.R.L.) LIMITED, DUXFORD, CAMBRIDGE. TELEPHONE: SAWSTON 2121 


When replying to advertisements please mention The Production Engineer 
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The 
PROFILOSCOPE 
AND OPTIDRESS 


For producing intricate 
forms on your Grinding 
Machine 


Illustration shows the Optidress 
Wheelforming Attachment and 
Profiloscope with Slides in use 
on a jones & Shibman 540 
Grinding Machine producing an 
intricate template to a tolerance 
of .0005” 


PRECISION GRINDING LTD 


MILL GREEN ROAD : MITCHAM -: SURREY _ Phone: MITCHAM 3014/6 





NRP 5226A 


‘Speetol’ Xcrion JIG CLAMPS 


Completely Self-Contained & 
Requiring No Extra Nuts, Bolts, 

















Combined Studs, Springs etc. to be Fitted 
Screw & Cam The outstanding advantage of 
Action “Speetol” Jig Clamps is that for the 


first time there is now available an 


entirely self-contained, quick-acting, 


Made in 
Three Sizes 


strap-clamp, specially designed for 
incorporation as a single unit into 


jigs and fixtures. 











(Patent 


This range is backed by the 
744064) 


well-known “ Speetog ” 
Template Service to 
Drawing Offices. 


Speed Tools l!4 








VEREKER HOUSE. GRESSE ST. LONDON W1. Museum 1039/1099 


RP 9072 








The 
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This remarkable liquid plastic now 
widely used in every industry 
penetrates between closely fitting meta! 
parts and hardens automatically inside 
the joint to give a vibration-proof lock 
and leak-proof seal. LOCTITE treated 
parts NEVER WORK LOOSE, yet can 
be removed with ordinary tools 


LOCTITE Sealant LOCKS THREADS 


Loctite Sealant will lock nuts, set screws, studs, 
adjustment screws, etc. It makes them self-locking 
and dispenses with lock nuts, lock washers and 
other locking devices. Threads can be pre-treated 
in quantities, as Loctite Sealant does not harden 
while exposed to air. 


Loctite Sealant locks bolts on giant earthmoving equipment 
permanently against vibration, yet bolts can be removed with 
ordinary tools! 


y Bro Same i. , 
We will be pleased to send you 
the new illustrated LOCTITE 
Sealan: Brochure giving full 
etails and specifications. 
Write to Mr. J. A, Jenkins. 


Sole Distributors : TRADE MARK 


DOUGLAS KANE (SEALANTS) LIMITED, 243 UPPER STREET, 


L 


4 -—) 7 NN 
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LOCTITE Sealant RETAINS BEARINGS 


Loctite Sealant restores the fit to worn housings 
and shafts. Holds bearings, gears, pulleys, sleeves, 
oil seals without a press fit. Eliminates re-boring, 
sleeving, shims and weld metal build-up. Loctite 
Sealant automatically fills clearance, prevents 
slippage. 

Loctite Sealant is used on assembly of bearing in lieu of press fit 


SEALANT 


LONDON, 


OG 


Min. of Aviation and A.R.B. approved 


LOCTITE Sealant SEALS JOINTS 


Loctite Sealant seals against high pressure liquids 
and gases, completely filling the joint with tough 
plastic, resistant to heat, cold, water, oils, fuels and 
most chemicals. Replaces solder, requires no heat 
or fluxes. 


Loctite Sealant seals hydraulic and fuel lines permanently leak- 
proof. Joints cannot work loose yet can be dismantled for servicing 


THE LIQUID LOCK FOR METAL PARTS 


“LOCTITE”" is the trade mark of the American Sealants Company U.S.A. 


Tel: CANonbury 8646 


AP 130 


N.t 


When replying to advertisements please mention The Production Engineer 
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«» CROSLAND 


BLANK & PIERCE DIES 


The Production Engijieer 


NO DOUBT ABOUT IT, Crosland 
dies cut costs as cleanly as materials 
for these important reasons. They 
blank and pierce in one operation. 
They are an 
method of tooling steel, non- 
ferrous and non-metallic materials. 
They save up to 96% bench time 
compared with hand methods on 
short to non-repetitive 
runs. They are infinitely cheaper 
than orthodox tools. Their super- 
hard steel cutting edges are set in 
a densified laminated material of 
high tensile strength and give clean, 
even results And they're cheap to 
maintain and modify 


amazingly — cheap 


medium 





These are facts-Prove them to your Profit! 

















Write for fully descriptive literature to: 
































BREDBURY, NR. STOCKPORT 


WOODLEY 2621/2 








Let us 
be your 
machine 


7 
os : 


meer A. 
Complete facilities plus 
precision & service second to none 


@ Capstan and centre lathe work -- as wellas 
@ Milling—all types shaping, honing. 
@ Surface and universal grinding eng tt 
@ G-SIP jig boring suahing, oe. 
@ Centreless grinding 7 oreo 
@ Copy turning ack ie 
@ Cridan screw cutting - 
@ Thread milling ~~ 








MARSDEN & SHIERS LTD. 


Davis Road, Chessington, Surrey. Phone: Elmbridge 5333 (3 lines) 








MARK YOUR 
PRODUCT CLEARLY 


will Imperial 
STEEL MARKING STAMPS 


Made from specially selected high 

grade steel each Imperial marking stamp 
is fully tested before leaving the 

factory. Available as Hand Stamps (sets 
or loose), Combination Stamps (sets or 
loose), or to customer’s own specification. 
Write for catalogue and price list. 


w marketed by 


GORDON WEBB & CO. LTD. 


(DEP1 P.E.) AVENUE CHAMBERS, VERNON PLACE. 
SOUTHAMPTON ROW, LONDON W.C.I1 TELEPHONE: HOLBORN 9444 


A subsidiary of Imperial Typewriter Co. Ltd. 





Th 








TELE 





A heavy duty single roll feed teamed with a 
combined decoiling and levelling machine, handling 
20 in. wide coiled strip at a large automotive 
accessory manufacturing plant in the Niagara 
Peninsula, Canada. 








The Humphris standard range of decoilers, levellers and strip feeds 
is well-known and extensively used. Perhaps not so well-known 
is the fact that Humphris can supply virtually any size and shape 
of strip feed, strip leveller and decoiling machine. Whether your 
coils are light or heavy, thick or thin, narrow or wide, Humphris 
can offer you the necessary handling and feeding equipment. 


exponents of advanced mechanisation 


HUMPHRIS & SONS LTD. - POOLE - DORSET YlYd]LHY4Y; YM 4YY 
ae fae HUM Ujiiiile 


When replying to advertisements please mention The Production Engineer 
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VA e 


THE SPECIALISTS IN THE REBUILDING OF TURRET-TYPE AUTOMATICS 


pow fii 
LP HE SAME UNSURPASSED REBUILDING SERVICE 


FOR SWISS-TYPE AUTOMATICS 






B. & S. 





C.V.A. 


@ Machines are rebuilt to original specifica- 
tion of accuracy and limits. 

@ All parts fitted are interchangeable with 
maker’s spares. 

@ Rebuilding not only costs less than 
a new machine but can also be charged 





wholly as maintenance 
expenses ranking for full 


tae * tax relief. 
> * @ We can loan a machine 
— equivalent to the one % 
taken out thereby assur- 7 
ing customer of his con- May we visit your 
PETERMANN tinuity of production works and quote for 





BECHLER TORNOS 


buildi hine? 
MELBOURNE ENGINEERING Co. Ltd. MELBOURNE Nr. DERBY es ati rie: 


(H. E. SLAWSON, M.B.E., M.I.P.E., Man. Dir.) Tel: MELBOURNE 232 











> Metal sawing 
problems? 


Cold sawing machines are our speciality whether for ferrous, _ y 
non-ferrous or difficult metals and we have an extensive 
range of standard machines which cut quickly - and accurately. 


We also build machines for special applications. Many 

If you have a cold sawing problem our experience could Conv 
probably provide the solution. May we help you? - a 
raw 

ductic 


METAL SAWING & SAW 9000 8] = 
RUSSELL SHARPENING MACHINES 9 | 


S. RUSSELL & SONS LTD. Bs 
ad by 45 years of specialised experience 








. 





BRIT 
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Lighten your handling costs with new 
MONORAIL CABLE-WAY CONVEYORS 


Many years’ development work has produced the new MONORAIL Cable-way 

Conveyor—the lightest and lowest-priced conveyor of its type in Britain. The A complete OVERHEAD system 
system consists of rugged, lightweight trolleys riding on an overhead T-rail and 
drawn by a smooth-running cable for the fast and efficient movement of pro- 
duction and components. Standardisation of components and robust construc- 
tion ensures reliability and reduces costs. Take your handling problems off the 
floor with Cable-way conveyors! 

Three load capacities 80, 160 and 250 lb O No heavy structure required 
Low initial cost O Easy to install and re-arrange O After years of service 
the cable is extremely easy to replace O No sudden failures without warning. 
For information about heavier link or chain conveyors, please send for literature. 


IF YOU WANT TO GET A MOVE ON 


Send for the man with the MONORAIL plan 


BRITISH MONORAIL LIMITED - WAKEFIELD ROAD - BRIGHOUSE - YORKS - TELEPHONE BRIGHOUSE 2244 
A Member of the Herbert Morris Group of Companies Ketter 


MonoRail systems meet every overhead hand- 
ling requirement from the smallest gravity 
drives to complete automated systems, and 
include underslung cranes for loads up to Io 
tons and ‘cable-way’ conveyors for the smooth 
and efficient movement of components and 
materials. 


Pp d 
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WANT BETTER SAWING AT LOWER cosT ? 
6 












HORIZONTAL & VERTICAL BANDSAWING MACHINES 


Demonstration machines are installed 

in our showrooms to carry out cutting tests 
on your own work-samples. Backed 

by our own accumulated experience 

and caupled with the knowledge and 
research laboratory tests of our 

American principals, we can supply machines 
to Bandsaw anything — faster, with a better 
finish and less material waste. 


BRITISH BUILT MODEL V.36 
CONTOUR SAWING, FILING 
AND POLISHING MACHINE, 
Ask for demonstration and further 


MODEL C69 MANUAL POWER SAW particulars. 


Illustrated are two of the large range of 


We stock original American DoALL Saw Blades. DoALL Machines. 













GEORGE H. ALEXANDER MACHINERY LTD. 


82-84 COLESHILL STREET - BIRMINGHAM 4 - ENGLAND 
Telephone : ASTon Cross 3264 Telegrams : “ VIKING ” BIRMINGHAM 


ted 





take a 
good used ? 
machine! # 


Selecting a good used ri 
machine to assist or re- ? 
place existing plant is so ; 
simple . . . just look where Pd 
there is the biggest choice, 4 






fathing of mackionry think of Edwards? 


and that’s in a pretty big 
spot like The FJE Machine ‘ 
Centre. 


Have what you will . . . machine 

tools; presses; sheet metal 
machines; woodworking machines; 

plate working machines; press 
brakes; guillotines; punch and } 
shears; rolling machines; tin box 7 e 
making plant. = “, 


Action: contact London or Birmingham with 
your essential needs; inspect at the FJE 
Machine Centre under the most ideal condi- 
tions. The Centre is on the main Al road 
near Highbury Corner in North London, 
easily reached by rail or road; no parking 
troubles. 


Choose a good used machine from 
Edwards—for cash, hire purchase or hire! 


AA Edwards Lfd 


Edwards House, 359-361 EUSTON ROAD, LONDON, N.W.! 
"Phones: EUSton 5000 Telex: 24264 

"Grams: Bescotools London NW1 

Lansdowne House, 41 Water Street, Birmingham, 3 
"Phones: CENtral 7606-8 

"Grams: Bescotools Birmingham 3 
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Toolroom fitters recognise 
the superior life and 
quality of E.S.C. files 


ENGLISH 
STEEL 


TOOL CORPORATION LIMITED 
OPENSHAW, MANCHESTER 


ESL 
files for me 
every time! 





Facts and 
fingers favour 


-ACIT 
One-hand 


Operation 


by 


BUSINESS 


AUTOMATION 
—at its best ! 


FIVE fingers and a FACIT will 
give you all the figures you want, 
whenever you want them. No 
more tedious mental drudgery. Ve 
No more checking and double ‘© : 
checking. Get a FACIT and do mS 
your everyday costing and com- 
puting with undreamed-of speed 
and unerring accuracy! 


ON-THE-SPOT SERVICE 


from B &'A branches in principal towns 


FOR FURTHER INFORMATION POST THIS COUPON TODAY 


nm Gn Gn Gn a ee ee es es ee ee es oe 
Please send me details of the following Business Automation Equipment 


Modern Duplicating Methods 
Systems Machines 


ay 


JOOO0O 


Visual Control Charts Name 
Photocopying Equipment 
[] Calculators Position 
[_] Standard and Portable Typewriters 
{_] Adding Machines Firm 
|_|} Book-keeping Machines 
Mail-Room Equipment MIN scccscsiienlsscenciiinbainiaia 
= 


Addressing Machines 
Banda Supplies 


BLOCK & ANDERSON 


Head Office: Banda House, Cambridge Grove, Hammersmith, London, W.6, 
Tel; Riverside 4121 (20 lines), 


LL 
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ee 
{li Mess 
Looking in the 
right direction 








| . 
— i \ Za } 
8 
4 


WS S 
~ SPRINGS 
F. S$. RATCLIFFE (ROCHDALE) LTD., 


Crawford Spring Works, Norman Road, Rochdale 
Phone: Rochdale 40415 Telex 63178 


thee 


*Grams: Recoi!' Rochdale 











METAL 
PRESSINGS 
WELDING 
FABRICATION 
ENAMELLING 
ASSEMBLIES 


Adams Bros & Burnley Ltd | 
ELMGROVE RD, HARROW, MIDDX. HAR....6411 






















1 


T 


Tas: 
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The large Compressor illustrated is typical of our ‘Comoblok’ 
range of machines. This range covers capacities from 500— 
2,000 c.f.m. These machines are of the double-acting crosshead 
type, and are suitable for pressures up to 50 p.s.i.g. single 
stage, and 150 p.s.i.g. two stage. They are remarkable for 









their low power consumption and compact design. 
a J Send for Leaflet No. T29. 
The machine alongside is one of our Oil-free Range. These are 
n available in capacities from 100 to 2,000 c.f.m., and at all 


pressures up to 150 p.s.i.g. They are specifically designed to 
deliver uncontaminated air, and have many special features 
incorporated which make them unique in this field of 


Compressors. Send for Leaflet No. T31. 
The two smaller machines shown illustrate our ‘Uniblok’ and 


‘Twinblok’ Range, and cover capacities of from 50 to 400 c.f.m 
at all pressures up to 120 p.s.i.g. These are of the single stage, 


= single acting type, styled to give a neat appearance and 
| | a are unrivalled for their low maintenance and space saving 
features. Send for Leaflet No. T19. 
nd UJ strial Tilghman’s have a complete range of Vacuum Pumps to offer 
in displacements from 50—2,500 c.f.m., and are capable of 
drawing 28” Hg. on a 30” Hg. barometer. 
Tilghman’s undertake the design and manufacture of special 
com resso rs purpose Air & Gas Compressors, Boosters, etc., and welcome 
an opportunity of quoting for complete installations. 
, 
x 63178 





Send for our 
informative 

and valuable leaflet 
on ‘Selection, 
Installation and 
Maintenance of 
Air Compressors” 








fantlinds AIR POWER DIVISION 
Cc BROADHEATH - ALTRINCHAM - CHESHIRE 















TELEPHONE: ALTRINCHAM 4242 (SLINES) TELEGRAMS: TILGHMANS ALTRINCHAM 
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ROCKWELL 


HELICAL 
CLAMPS 


BRITISH PATENT 


A range of popular sizes 
to suit any T slot or 
clamping height. 

No loose parts to lose. 
Each size adjustable for height. 


Any quantity Ex-Stock. 
Write Dept. C/C or phone for leaflet giving 
prices, size and technica! details 


9 @ im) WELSH HARP, EDGWARE ROAD, 
msi) LONDON, N.W.2 Tel: GLADSTONE 0033 
Also at: Birmingham-Telephone Springfield 1134/5 


Stockport-Telephone Stockport 5241 Glasgow-Telephone Merrylee 2822 
$.C.6. 
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GULLASCOT 


' LEVEL-MOUNTS 


... INCORPORATING VULCASCOT 
ANTI-VIBRATION RUBBER PADS 
MAKE MACHINES MOBILE. 






@ Reduce Vibration and Wear 
@ Simplify Machine Installations 


f = \ 


[VULCASCOT ] 





@ Precision Levelling without Shims 
@ No Drilling of Floors 


@ Less Noise, Less Nervous 
Strain 























* Write or phone for 
literature to: 

















VULCASCOT crt britain: 


87-89 ABBEY RD. LONDON N.W.8 


TEL MAldo Vale 4 


| oP 
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SPECIALISTS IN 

MACHINE TOOL 
REBUILDING 


ULTUAUEDEUUOUAUOEAUOUAUOOOEOEDOEUAUEUOUAOOEOUOOEIND ET: 


UT 


PUT 


WITHTHE BROCKHOUSE UNIT 
GRINDING HEAD AND TRUING 
DEVICE FOR HORIZONTAL AND 
VERTICAL GRINDING. 


% Easily adaptable on most standard machines. 
%* Rapid and accurate. 
* Slideway Grinding Enquiries invited. 


Write for descriptive folder to: 


J. BROCKHOUSE & CO. LIMITED 


Machine Tool Division 
ELMS WORKS : PENN ROAD : WOLVERHAMPTON 
Phone: Wolverhampton 23801 


SETTING 
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If you want to know more about the Gj KqN spark machine write to our U.K. agents 


M. C. LAYTON LIMITED, ABBEY WHARF, MOUNT PLEASANT, ALPERTON, WEMBLEY, MIDDX 
RUDKIN & RILEY LIMITED, CYPRUS ROAD, AYLESTONE, LEICESTER 
ALFRED HERBERT LIMITED, P.O. BOX 18, RED LANE WORKS, COVENTRY 


MANUFACTURED BY WELSH METAL INDUSTRIES LTD., CAERPHILLY, GLAMORGANSHIRE 


< MEMBER OF Tae 
(exam) 
OF COMPANY 


When replying to advertisements please mention The Production Engineer 
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OTTERMILL 


Serving World 


OTTERMILL BUSBAR TRUNKING | is 


Industry 


known and 


respected throughout most of the engineering world. Easily, 


cheaply and quickly installed it gives you instantaneous 


plug-in power at two foot intervals. 


Its Advantages? 


Complete planning flexibility, giving the works engineer a 


chance to wield complete control over workshop and 


production line layout. He knows there will be electric power 


wherever he wants it without a moment’s interruption in 


main power supplies. 

































facilities 


for 
HEAT TREATMENT 


The ENV heat treatment plant 
is one of the most modern and 
comprehensively equipped in 
the London area. 

Facilities include full metal- 
lurgical control, quenching 
press equipment and electric- 
ally controlled flame hardening 
machine. 

Enquiries for heat treatment 
of production quantities are 
invited. 





E.N.V. ENGINEERING CO. LTD 
HYTHE ROAD, WILLESDEN, N.W.10 
TELEPHONE: LADbroke 3622 











AP 112 


Write for details: 


OTTERMILL SWITCHGEAR LIMITED 


SALES OFFICE: 166 VICTORIA STREET, LONDON, S.W.1 


Telephone:sABBey 5095/6 Grams: Busbar, Sowest 
ea area 


WORKS: OTTERY ST. MARY, DEVON 
Telephone: Ottery St. Mary 500 


Grams: Busbar, Ottery St. Mary 














Telephone: COVENTRY 22132-6 
SM/MMT 6340 


TYPE 904 


Simple Setting - High Production 


With Batiededekicada automatics 






CAPACITY 

Round Bars. Dia. i 
Hexagon Bars. A/F 0.71" 
Square Bars. A/F i” 
Maximum Travel of Tailslide 2” 
Maximum Travel of cross slide }{” 


SPINDLE SPEEDS 


Speed Range 810-2,500 r.p.m. 
No. of Speeds 14 
CAPACITY 

Round Bars. Dia. 13" 
Hexagon Bars. A/F 1.01" 
Square Bars. A/F 5” 


Maximum Travel of Tailslide 24” 
Maximum Travel of cross slide | 3” 


SPINDLE SPEEDS 


Speed Range 280-1 ,900 r.p.m. 
No. of Speeds 12 
Re, 
Moderm Machime Tools Ltd 


P.O. BOX No. 56° GOSFORD STREET - COVENTRY 
Cables: ‘MODERN’ COVENTRY 
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Alll 


But no Condensation at 
UNITED DAIRIES 





.because Colt created the right climate 





Four Colt Inflow Units delivering warmed, fresh air into 
the Boiling Room at Wilts United Dairies Ltd, Melksham. 












































Dripping, clammy conditions... dense fogging... 

it could happen in the Boiling Room of any Dairy, 
when the tanks are steam sterilised. It does not 
happen at Wilts United Dairies Ltd in Melksham, 
because United Dairies took suitable action and called 
in Colt to design a ventilation system. 

You will find Colt systems at work throughout British 
industry, creating conditions in which men can 

work contentedly and efficiently. Colt’s practical 
experience of ventilation problems that arise in 
every branch of industry could prove useful to you. 
Ask your Secretary to write to the Information Officer 
for the free Manual of Colt Equipment and Service. 


industrial ventilation 


COLT VENTILATION LTD SURBITON SURREY TEL ELMBRIDGE 0161 


When replying to advertisements please mention The Production Engineer 
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OF slip 


ways use Gap 


Manufacturers of the complete range of jig bushes and liners to B.S.S. 
1098/1953, together with special purpose bushes for sheet metals, plastics 
and moulded jigs. Catalogues sent upon request. 








International 
Harvester 
move | 

Rolls Royce 
engines 

with .... 








TOP TOOLS IN ACTION ... at the Doncaster factory 
of International Harvester. It’s just a co-incidence that this 

picture records such a neat example of high power harmony 
...oris it? After all, who is beiter qualified to know the best in 
power and movement than International ? 


CRisreerrc FORK LIFT TRUCKS 


COVENTRY CLIMAX ENGINES LIMITED (DEPT.P.E.) COVENTRY 

















